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AN INTEGRATED DECISION SUPPORT SYSTEM TOWARDS RISK-
BASED ANALYTICAL MODELLING OF MANAGERIAL PROCESSES IN 
SHIPPING BUSINESS 
SUMMARY 
The self-regulation phenomenon and competitive market conditions have triggered 
the restructuring tendencies of various maritime stakeholders in organizational level. 
During this trend, professional understanding and innovative execution activities in 
shipping business has become key focus of enterprises in maritime field. In recent 
years, especially the principal classification societies and independent maritime 
consultancies have offered to relevant shipping executives to adopt an integrated 
management system (IMS) as an advance solution. In principle, the concept of IMS 
practices in shipping business is based on combining internationally recognized 
voluntary standards with the mandatory maritime regulations that are mainly concern 
with ship safety and the prevention of pollution from ships.  
In the early design phase of an IMS, cooperative efforts of maritime consultancies 
and relevant shipping executives targets to enable maximum improvement in 
managerial processes while reducing the costs and excessive bureaucracy. As 
potential clients, the third party groups such as cargo owners and contracted 
charterers have closely monitored the performance effects of IMS integration into 
professional shipping companies. Therefore, the managerial efforts are extremely 
valuable for the purpose of benefit from IMS implementations, which increase the 
reputation of ship management companies and provide an enormous trading 
advantage in maritime transportation industry. This research develops a Risk 
Integrated Decision Support System (RIDSS) based on a multi-methodological 
background includes Fuzzy Axiomatic Design (FAD) and Fault Tree Analysis 
(FTA), as well as Analytic Network Process (ANP) and other principal MCDM 
methods. The initial focus of the RIDSS is to reveal quantitative outcomes in order to 
encourage relevant shipping executives towards process-based integration of an IMS 
also to enhance risk-based analytical modelling of managerial processes in shipping 
business. The RIDSS consists of various modules such as database management 
system (DBMS), model base management system (MBMS), FAD-based model 
selection interface (FAD-MSI), integrated process management module (IPMM), 
executive decision-making module (EDMM), and risk control and management 
module (RCMM) with a high level of integrity. To demonstrate the proposed RIDSS, 
the mostly encountered managerial processes in commercial, technical, and 
operational levels of shipping business are then addressed and modelled as prototype 
application illustrations. Besides decision aid to redesigning of process execution 
procedures through IMS requirements, the RIDSS also enables an effective decision-
making on managerial processes even considering the various risks of maritime 
transportation. 
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GEMĐ ĐŞLETMECĐLĐĞĐNDE YÖNETĐMSEL SÜREÇLERĐN RĐSK 
TEMELLĐ   ANALĐTĐK MODELLENMESĐNE YÖNELĐK BĐR ENTEGRE 
KARAR DESTEK SĐSTEMĐ 
ÖZET 
Öz-denetim olgusu ve rekabetçi piyasa koşulları muhtelif denizcilik paydaşlarının 
organizasyon düzeyinde yeniden yapılanma eğilimlerini tetiklemektedir. Bu yönelim 
süresince, gemi işletmeciliğinde profesyonel anlayışı ve yenilikçi yürütme 
faaliyetlerinin denizcilik alanındaki müteşebbislerin temel odağı olmaktadır. Son 
yıllarda, özellikle başlıca sertifikalandırma kuruluşları ve bağımsız denizcilik 
eksperleri ilgili gemi işletmeciliği idarecilerine entegre yönetim sistemini (EYS) ileri 
bir çözüm olarak önermektedir. Prensipte, gemi işlemeciliğinde EYS 
uygulamalarının kapsamı uluslararası tanınmış isteğe bağlı standartların gemi 
güvenliği ve gemilerden kaynaklanan kirliliğin önlenmesi ile ilgili zorunlu denizcilik 
kurallarıyla birleştirme esası üzerinedir.  
EYS’nin ön tasarım aşamasında, denizcilik eksperlerinin ve ilgili gemi işletmeciliği 
idarecilerinin müşterek gayretleri maliyetleri ve aşırı bürokrasiyi azaltırken 
yönetimsel süreçlerde azami iyileştirmeyi  hedefler. Potansiyel müşteriler olarak 
kargo sahibi ve kontratlı kiracılar gibi üçüncü taraf gruplar profesyonel gemi 
işletmeciliği firmalarına EYS entegrasyonunun performans etkilerini yakından 
izlemektedirler. Bu yüzden, gemi işlemeciliği firmalarının itibarını artıran ve deniz 
taşımacılığı endüstrisinde muazzam ticari avantajlar sağlayan EYS uygulamalarından 
faydalanmak açısından yönetimsel gayretler oldukça değerlidir.  
Bu araştırma Bulanık Bilgi Aksiyomu (BBA), Hata Ağacı Analizi (HAA), Analitik 
Ağ Süreci (AAS) ve diğer başlıca çok ölçütlü karar verme (ÇÖKV) yöntemlerini de 
içeren çok yönlü metodolojik temel üzerine bir Risk Bütünleşik Karar Destek Sistemi 
(RBKDS) geliştirir. RBKDS’ın temel odağı EYS’nin süreç temelli entegrasyonu ve 
gemi işletmeciliğinde yönetimsel süreçlerinin risk temelli analitik çözümü 
konusunda gemi işletmeciliği idarecilerini destekleyen nitel çıktılar ortaya 
koymaktır. RBKDS, veri tabanı yönetim sistemi (VTYS), model esaslı yönetim 
sistemi (MEYS), BBA esaslı model seçim ara yüzü (BBA-MSA), entegre süreç 
yönetim modülü (ESYM), idari karar verme modülü (IKVM) ve risk kontrol ve 
yönetim modülü (RKYM) gibi modüllerin yüksek bir bütünlük seviyesi ile 
oluşmuştur. Önerilen RBKDS’yi uygulama ile kanıtlamak için, gemi işletmeciliğinin 
ticari, teknik ve operasyonel seviyelerinde çoğunlukla karşılaşılan yönetimsel 
süreçler belirlenmiş ve prototip uygulama örnekleri olarak modellenmiştir. Süreç 
idaresi prosedürlerinin yeniden tasarımına EYS gereksinimleri doğrultusunda karar 
desteği sağlamasının yanı sıra, RBKDS ayrıca deniz taşımacılığının risklerini de göz 
önünde bulundurarak yönetimsel süreçler üzerine etkin karar vermeyi sağlar.   
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1.  INTRODUCTION 
Maritime transport, the most efficient and ecological mode of transportation 
(Michaelowa and Krause, 2000), is recognized as the backbone of global trades. The 
recent concerns especially about the energy shortages (Utlu and Hepbasli, 2007) and 
the ongoing environmental threads (Christopher Zegras, 2007) have increased the 
significance of the maritime transport to sustain the international supply chain 
networks. Furthermore, restructuring tendencies in the maritime transportation 
industry based on environmental, social, and economic dimensions (Comtois and 
Slack, 2007) has enforced the principal maritime shareholders such as 
administration, classification societies, ship owners, port authorities, shipyards, 
marine vendors, and training institutes (Celik and Er, 2006a) to improve their 
organizational behaviours. In addition, the participation of global enterprises in the 
recent years has also promoted the level of competitiveness in maritime market. The 
contemporary changes that are mainly related with international legislation, safety, 
security, and environmental issues have triggered the organizational efforts to carry 
out and involve into the sustainable development progress in maritime transportation 
industry. 
The idea of sustainable transport lays to align the standards of maritime 
organizations with respect to the unified targets especially on safety and 
environmental related concerns. It is necessary to clarify the links among the relevant 
shareholders to understand the nature of activities behind the restructuring of 
maritime transportation industry. In administration level, the International Maritime 
Organizations (IMO) principally governs the safety and environmental protection via 
Flag State Implementation (FSI) and regional Port State Control (PSC) authorities in 
accordance with the designated memorandum of understandings (MOUs). The IMO 
has adopted various conventions, rules, codes, and recommendations mainly 
concerning marine safety, security, pollution prevention, and other relevant issues. 
However, enforcement the international commitments and standards in trading 
activities of ships necessitate the involvement of industry shareholders.  
  2
The IMO declared that there are now enough regulations in place and the problem is 
one of implementation and enforcement. In accordance with the recent trends in 
international maritime legislation, the implementation process of regulatory regime 
has become a competitive factor for the market players to achieve the sustainable 
development target in maritime transportation industry. Those players include 
classification societies, insurers, cargo owners, shippers, shipbrokers, ship managers, 
terminal operators and, ship financiers (Bennett, 2000). It means that the terms of 
self-regulation ensures legislative performance of the relevant organizations in 
trading activities satisfactorily. Just to name a few, the following principal 
independent bodies can specifically be addressed: The International Chamber of 
Shipping (ICS), International Labour Organization (ILO), The International Group of 
Protection and Indemnity (P & I) Clubs, International Ship Managers Association 
(ISMA), The Baltic and International Maritime Council (BIMCO), International 
Association of Classification Societies (IACS), and the others.  
At this point, especially the IACS-member principal classification societies have 
provided consultancy support to the other maritime shareholders in order to promote 
the highest standards in ship safety and the prevention of marine pollution. Besides 
their principal objectives regarding with enhancing the safety of life and property at 
sea by securing high technical standards of design, construction and maintenance of 
marine systems (Hartmut, 2006), the classification societies are closely deal with the 
adaptation of specially designed management systems based on environmental, 
safety and occupational aspects. The organizations of the shipyards and ship 
management companies are the prior targeted groups for the services of the 
classification societies towards suitable solutions of principal dilemmas that arise 
during construction and management of ship fleets. In this concept, the roles of 
maritime education and training (MET) institutions are to ensure the required 
knowledge support to industry especially about taking the advantages of 
methodological aspects in business life. On the other hand, the MET institutions also 
deal with the satisfaction of the urgent needs for employing qualified human 
resources in maritime organizations. Among the maritime shareholders, shipping 
executives have the key roles on behalf of the ship owners to understand and achieve 
a professional management style in accordance with the both legislative 
implementations and market competitiveness requirements.  
  3 
1.1 Motivation on Shipping Business  
The complex nature of the maritime transportation industry requires an advance 
management concept. The term of professional ship management includes the all 
aspects of the managerial activities regarding with the execution of shipping business 
in global perspective. Therefore, the management organizations of international 
shipping companies are employed with the designated executives on behalf of ship 
owners or different enterprise groups (Panayides, 2003; Celik and Er, 2006a). The 
execution of shipping business is based on the hierarchical organization of ship 
management companies and the corresponding managers in different divisions.  
The critical constraints of business environment such as legislation requirements, 
unexpected risks, and market challenges have obviously required following a 
systematic execution procedures (Celik and Er, 2006b). Based on these expectations, 
the responsible managers have to involve the shipping business in order to archive 
and satisfy the following targets: (1) acquisition of high level of technical 
performance values from ship operations, (2) satisfaction of international legislation 
requirements without any conflict, (3) managing the unlikely risks in probable 
shipping accidents, safety, and environmental issues, (4) coordinating the good 
communication between ships and shore-based organization (5) increasing the 
reputation of company to maintain stable long-term relationships with clients, and (6) 
integration of technology and stream of innovation into business cycle to ensure the 
continuous improvement of managerial procedures.  
The execution procedures are the set of activities that unites and energises the 
organization and helps to fulfil the expectations of overall stakeholders especially 
cargo owners and contracted charterers as potential customers. In detail, Jenssen and 
Randøy (2002; 2006) focused upon the performance effects of organizational 
structure and innovative management strategy as well. To challenge with the 
probable business risks, Goulielmos (2002) offered complexity theory applied to 
management of shipping companies. Despite the values of the ideas behind 
establishing an advance management system, the adaptation and integration require 
great effort and potential. Therefore, relevant executives need to set redesign 
strategies towards organization redesign, performance management, and process 
improvement with respect to the industrial tendencies (Panayides, 2003). 
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At this point, a state-of-the art problem has arisen for establishing an effective 
process management system, which aligns the financial resources, core 
competencies, and technical means to increase the agility and efficiency in execution 
activities of shipping business. The system should also include the risk control 
procedures to manage the serious consequences of unexpected events. The maritime 
regulations describe a broad plans especially for the principal contingencies such as 
fire onboard, oil spill and pollution, collision, grounding, and terrorist attacks (Celik 
and Er, 2006b; Celik, 2008a). These are mainly deal with the specific cases in 
operational level of shipping business. However, each execution procedures of 
managerial processes also include their own risks, which might interrupt the business 
cycle. Therefore, specifically designed process execution systems that are followed 
by shipping managers should consider the legislative requirements, decision support 
functions, and risk control units under a unique implementation scheme. 
1.2 Objectives   
In recent years, especially the IACS-member classification societies have offered the 
integrated management system (IMS) to maritime interests as a unique solution of 
process execution in shipping business. Although a high level of consultancy support 
is available, the shipping executives are mainly responsible for integration and 
implementation processes of an IMS into organizations. Since the creative thinking 
of relevant managers also enables additional values to increase the potential benefits 
of an IMS in practice, involvement of the shipping executives into management 
system design is vital. The different consultancy groups developed advanced IMS 
frameworks, which maintain the International Management Code for the Safe 
Operation of Ships and for Pollution Prevention (ISM Code) foundation while it 
integrates the requirements of international generic standards for quality, 
environment and occupational health and safety. The broad nature of generic 
standards published by the International Organisation for Standardisation (ISO) 
means that the same standard could be applied to different organizations in any 
sector or business enterprises. This characteristic necessitates modifying the 
requirements of standards in order to bring them within the scope of the maritime 
industry.  
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On the other hand, managing the compliance among the requirements of different 
standards and mandatory clauses of the ISM Code is another vital issue. Therefore, 
satisfactory adaptation/integration of an IMS into the execution procedures of 
various managerial processes requires performing a great effort of the responsible 
managers in shipping organizations. At this point, a methodological interface, which 
aid to executive shipping managers to ensure process-based alignment of the 
different management systems is essential.  
This research develops a Risk Integrated Decision Support System (RIDSS) to 
pursue the following objectives in order to encourage the shipping executives in 
methodological manner to design and implement advanced management system:  
 constructing an IMS procedure with high level of compliance among the 
managerial process, ISM Code, and international generic standards  
 structuring an additional analytical decision-making framework on execution 
of managerial processes systematically  
 developing an effective risk control and management unit  
The objectives of the thesis are determined by considering both design and 
implementation of RIDSS for significant managerial decision-making cases in 
shipping business. The accomplishment of the aforementioned objectives will 
enhance understanding of decision-making behaviour, regulation, and 
standardization foundation in execution of managerial processes in shipping 
business.  
1.3 Scope and Limitations  
The managerial concept of maritime transportation includes various issues and 
processes pertaining to the operation of shipping fleets for trading purposes. 
Following the thesis objectives, this research involves a limited number of 
managerial decision-making processes in commercial, technical, and operational 
levels. Instead of daily operational procedures for ships, it illustrates the execution of 
key decision-making processes on methodological base via originally proposed 
RIDSS framework. Therefore, the scope of the proposed RIDSS is limited to 
significant managerial processes belonging to different divisions to enable the 
applicable results of further prototype applications in ship management companies.  
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1.4 Thesis Organization 
At first glance, this section provided a brief introduction about the managerial 
concept in shipping business. In addition, the first section debated the motivating 
factor behind the needs for following a professional understanding and establishing 
an advance management regime in shipping business. Furthermore, the principal 
objectives and limitations of the thesis are settled. The remaining sections of the 
thesis are organized as follows: Section 2 reviews the academic literature to 
underline decision-making environment of shipping business and the managerial 
processes in which relevant managers involve. In addition, the existing IMS 
components and is implementation in shipping business are then explored to ensure 
maritime feedbacks and technical knowledge support through thesis contents. 
Section 3 provides the multi-methodological background of this research, which 
incorporates Fuzzy Axiomatic Design (FAD) and Fault Tree Analysis (FTA) as well 
as Analytic Network Process (ANP), and other multiple criteria decision-making 
(MCDM) methods. Section 4 gives the system architecture of the RIDSS and 
comprehensive descriptions of each of the principal components and their functions. 
In Section 5, implementation of the RIDSS is demonstrated with key managerial 
processes in shipping business. In parallel, the research plans to ensure the prototype 
application of RIDSS in a professional ship management company. The conclusive 
remarks, contributions of the thesis, and further proposals are given within Section 6.  
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2.  LITERATURE REVIEW AND INDUSTRIAL FEEDBACKS  
2.1 Decision-Making Environment in Shipping Business   
Problem structuring, evaluation, choice, and implementation are the principle stages 
for modelling a decision problem (Adams et al., 1990; Liu and Stewart, 2004) in 
broad sense. Adams et al. (1990) argued that the problem definition, identification 
and structuring are recognized by many of the practitioners as the most important and 
difficult steps of the decision analysis. The complex problems that decision-makers 
involve might have framing, information gathering, and value conflict challenges. 
Therefore, it is a great necessity to balance the resources through these stages with 
respect to the nature of the problem in order to achieve an effective decision-making. 
The control and operations of shipping fleets require high level of technical 
competency and proficiency due to the complex nature of maritime industry when it 
is benchmarked with other business disciplines (Celik and Karayigit, 2007). The 
needs of the strategic planning (Lorange, 2001) and professional viewpoint for 
shipping business has appeared due to the direct effects of potential constraints such 
as market challenges (Panayides and Gray, 1999), regulation-based expectations 
(Kevin and Cullinane, 2003), dynamics of world’s energy resources (Celik and Er, 
2006a), political and economic issues (Roe, 2007).  
Besides the external risks in global manner, the availability of internal threads 
especially in administrative concept of business enforce the relevant managers to 
seek for the multidisciplinary solutions on various issues such as finance control, 
strategic planning, risk management, legislation, maritime laws, etc. Optimal 
designation of the divisional responsibilities has a great importance to solve 
managerial decision-making processes with respect to the prior targets of company. 
Therefore, managing effective execution procedure of the shipping operations is 
required to employ qualified personnel both on board and ashore positions (Celik and 
Er, 2006a); moreover, it is also necessary to structure an innovative management 
style in practice (Celik and Er, 2008).  
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2.2 Overview of Managerial Processes in Shipping Business   
The increased popularity of the maritime transportation industry in global trade has 
eagerly motivated the researchers and practitioners on this era. Horck (2004) 
highlights the variable factors having an input on a shipping company’s policy to 
ensure an analysis of decision-making processes in multicultural maritime scenarios. 
Especially, Panayides (2006) debated the research potential and the needs for the 
analytical approaches towards developing a new maritime policy and management 
concept. Nevertheless, the quantities of methodological approaches on analytical 
modelling of the decision-making cases in shipping business are so scant in academic 
literature. The wide literature review of this research explores and underlines the 
managerial decision-making processes in different segments of shipping business. 
First of all, the executive decision-making processes regarding with the organization 
of business infrastructure and resources such as determining office location, 
management information system (MIS) integration (Goulielmos and Tzannatos, 
1997), and choice of enterprise resource planning (ERP) (Celik, 2008b) require a 
high level of maritime expertise. Following the resource allocation, designation, and 
appointment of managers in shore-based organization is a key aspect to ensure 
sustainable business process development in the first instance (Celik and Er, 2006a).  
Investment decision, confronted with executive decision-makers, is an initial process 
of the shipping enterprises. Besides the enormous needs of technical knowledge 
about feasibility of shipping investment process, the critical stages of this process 
require modelling various decision aspects such as predicting of return on investment 
(Cullinane, 1995), forecasting on market (Lyridis et al, 2004), investment under 
uncertainty (Bendall and Stent, 2005) investment timing (Alizadeh and Nomikos, 
2006), sale and purchase decisions (Alizadeh and Nomikos, 2007), and market 
choice (Celik et al., 2009a; Celik and Topcu, 2008). Among the papers, the analytical 
decision-making foundation can be cited within three studies. Lyridis et al. (2004) 
initiated a methodology to forecast spot freight rates using Artificial Neural 
Networks (ANNs). On the other hand, Celik et al. (2009a) proposed a Ship of 
Quality (SoQ) model based on quality function deployment (QFD) principles while 
Celik and Topcu (2008) developed primary decision aid tool based on Analytic 
Hierarchy Process (AHP) to determine the adequate market.  
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In addition to the investment process, critical decisions related to the future 
projection of a shipping company were also analysed in literature. For example, 
strategic alliance is recognized as a solution to manage market competitiveness 
especially in liner shipping industry, which triggers a decision case in strategic level. 
Song and Panayides (2002) developed a conceptual application of cooperative game 
theory to decision-making case on formation of strategic shipping alliances. On the 
other hand, Panayides and Cullinane (2002) identified the criteria for third party 
selection and evaluation, moreover; King and Mitroussi (2003) analyzed the same 
topic on the case of Greek shipping companies. Then, Mitroussi (2003) and 
Mitroussi (2004) identified the role of organisational characteristics towards deciding 
on separation of ownership and management based on the size, age, and type of a 
shipping company. 
In commercial management level, charter party contracting is another process 
(Adland and Jia, 2008) which subsequently requires involving of shipping managers 
into the ship supply budget’s optimization, monitoring of voyage estimates, and 
managing the claim handlings as the other related issues. Furthermore, shipping 
registry selection (Kandakoglu et al., 2009; Celik et al., 2009b) and choice of 
shipyard (Celik et al., 2009c), marine supplier (Cebi et al., 2008), and classification 
society can be included in core responsibilities of technical management division of a 
shipping company. From operational perspective, the following decision-making 
processes are appeared: problem-based crew assignment (Celik and Er, 2007), 
shipboard personnel embarkation (Celik et al., 2009d), ship maintenance planning 
(Deris et al., 1999; Artana and Ishida, 2002; Mokashi et al., 2006; Cebi et al., 2008), 
waste management onboard ships, determining bunker locations, and others (Drewry 
Shipping Consultants, 2006).  
The last section of the literature review underlines the studies, which has offered 
advance solutions to overcome the relevant managerial processes. In commercial 
level, Fuglseth and Strandenes (1997) reported on the design and implementation of 
“NorshipS” that is an interactive decision support system (DSS) for analysing of the 
bulk shipping markets. Furthermore, Kim and Lee (1997) developed a prototype 
model-based DSS in ship scheduling (MoDiSS) enable to increase the economic 
performance of bulk shipping fleets. On the similar theme, Fagerholt (2004) 
proposed a computer-based DSS to provide sensitive response through market.  
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On the other hand, administrative issues also require a great level of decision aid as 
well. Jing and Jiafu (1999) analyzed the shipping enterprises in China, and they 
indentified an urgent need for an administrative DSS which includes the enterprise 
economy effect analysis subsystem (EEEAS), trampers management decision-
making subsystem (TMDS), liner management decision-making subsystem (LMDS), 
vessel administration decision-making subsystem (VADS), shipping market analysis 
subsystem (SMAS), vessel investment decision-making subsystem (VIDS), vessel 
replacement, decision-making subsystem (VRDS) and industry investment decision-
making subsystem (IIDS). Specifically, Tzannatos (2003) proposed another DSS for 
the promotion of security in shipping business to encourage the shipping executives 
towards the technical management aspects. On the other hand, Lyridis et al. (2005) 
developed a business process modelling (BPM) approach, which includes roles, 
activities, information flow for top-level processes of a shipping company. To 
support operational process of shipping business, Nas (2006) developed an integrated 
model to analyse the individual decision-making processes during shipboard 
operations. Recently, Celik (2009a) structured an integrated process management 
system (IPMS) towards execution of different managerial processes under a unique 
scheme. The IPMS enables a great motivation and roadmap for shipping executives 
to redesign the traditional management style of global shipping firms. 
The literature review comprehensively summarizes the decision-making environment 
of shipping, managerial process and systematic approaches to them. Finally, Table 
2.1 represents the decision-making model proposals on managerial processes in 
shipping business to increase the motivation. As a first impression from literature 
review, it seems that many of the managerial decision-making processes in shipping 
business were debated, but just a few of them, shown in Table 2.1, were analytically 
modelled. These studies mainly attempt to outline the description and problem 
environment of the managerial processes in the modern business system, however, a 
quantitative synthesis to ensure essential feedbacks to potential decision makers is a 
commonly ignored point. The review also points out that the fast decision-making 
and minimization of the implementation bureaucracy in managerial procedures are 
not considered in many papers. Negligence of the dependencies among the 
managerial process is a potential reason of that issue. This research has targeted to 
overcome the mentioned shortages along with the maritime literature.   
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Table 2.1: Model proposals on managerial processes in shipping business 
Managerial Process Decision-making model Authors & Date 
Shipping investment  
Artificial neural networks (ANNs) (Lyridis et al., 2004) 
Quality function deployment (QFD) (Celik et al., 2009a) 
Analytic Hierarchy Process (AHP) (Celik and Topcu, 2008) 
Third party strategy  Game theory (Song and Panayides, 2002) 
Enterprise resource planning  Fuzzy Axiomatic Design (FAD) (Celik, 2008b) 
Shipping registry selection  
AHP and Data Envelopment Analysis (DEA) (Chung and Hwang, 2005) 
SWOT-AHP-TOPSIS (Kandakoglu et al., 2009) 
Fuzzy Analytic Hierarchy Process (FAHP) (Celik et al., 2009b) 
Choice of suitable shipyard  Fuzzy Axiomatic Design (FAD) (Celik et al., 2009c) 
Marine supplier selection 
Fuzzy Axiomatic Design (FAD) (Cebi et al., 2008) 
Integer stochastic programming  (Xu and Nozick, 2009) 
Problem-based crew assignment Analytic Network Process (ANP) (Celik and Er., 2007) 
Shipboard personnel embarkation  Analytic Network Process (ANP) (Celik et al., 2009d) 
Ship maintenance planning  
Genetic algorithm  (Deris et al., 1999) 
Nonlinear programming (NLP) (Artana and  Ishida, 2002) 
Fuzzy Axiomatic Design (FAD) (Cebi et al., 2008) 
Prioritization of safety precautions  Analytic Hierarchy Process (AHP) (Arslan, 2008) 
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2.3 Methodological Approaches on IMS Design     
An IMS is a management system, which integrates all components of a business into 
one coherent system so as to enable the achievement of its purpose and mission (De 
Oliveira Matias and Coelho, 2002). In recent years, the introduction of quality, 
safety, health, and environmental management philosophies has significantly 
changed the viewpoints and tendencies of business organizations in different 
industrial disciplines. Especially, the recent challenge in IMS design is focused on 
achieving a satisfactory combination of quality management systems (QMS), 
environmental management system (EMS), and occupational health and safety 
management systems (OHSMS) with respect to the nature of targeted business 
organization and industry branches. In the following sections of this research, the 
current versions of those management standards that notably denoted as ISO 
9001:2000, ISO 14001:2004, and OHSAS 18001:2007 are considered to adapt an 
advance IMS into shipping business cycle. 
Implementing an effective IMS is extremely depending on designing the 
requirements of different management standards to meet with the objectives of 
business organizations. To achieve this issue, the compatibility between the 
management standards should be progressed. The need for an IMS has arisen as a 
result of the decisions of organisations to implement an environmental management 
system and/or an occupational health and safety management system in addition to a 
quality management system (Wilkinson and Dale, 1999). For example, the major 
difference between those series of standards is ISO 9001 makes the customer as the 
principal stakeholder, whereas ISO 14001 and OHSAS 18001 look at the broader 
stakeholders (Wilkinson and Dale, 2000). System integration (Karapetrvic and 
Willborn, 1998) has been discussed in the literature dealing with quality, 
environmental, and health and safety management. Holdsworth (2003) provided an 
overview on IMSs that specifically apply to the petrochemical and chemical 
manufacturers industries. Furthermore, Abdul Rahim et al. (2004) addressed and 
harmonized the corresponding elements among the OHSAS 18001:1999, ISO 
14001:1996, and ISO 9001:2000 to develop guidelines of safety, health, 
environmental and quality (SHEQ) management systems in construction  industry. 
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In shipping business, design and implementation of an IMS should comply with the 
maritime regulations. Therefore, the ISM implementation in shipping business 
requires an additional effort when it is compared with the other industries. There are 
a few papers in the literature, which have promoted establishing an EMS in 
accordance with the shipping business environment. Thomas (1998) argued that the 
closer nexus between the ISM Code and ISO 14001 should make the EMS a more 
useful scheme for ship owners and managers. In particular, the compliance of ISM 
Code and ISO 14001 is debated within that paper. On the other hand, Pun et al. 
(2003) compared the ISM Code with the requirements of the ISO 9001:2000 QMS 
and the OHSAS 18001:1999 OHSMS. In addition, the paper reviewed the safety 
management systems (SMS) and discussed the problems and difficulties commonly 
faced by ship operating companies in the process. To manage these shortages, the 
paper also offered an implementation strategy for improving the SMS 
implementation in compliance with the statutory requirements of the IMO. Up to 
now, the analytical basis to achieve the high compliance among different 
management systems did not encountered in literature so far. To remedy this gap, 
Celik, (2009b) recently initiated a systematic approach based on FAD for exploring 
the compliance level of the international safety management (ISM) code with the 
ISO 9001:2000 in order to structure an integrated quality and safety management 
system (IQSMS) for shipping operations. The idea behind that paper is to ensure 
quality extension of current SMS procedures considering the quantitative compliance 
measures among ISM Code clauses and QMS requirements. The similar approach 
was followed to redesign an integrated environmental management system (IEMS) 
(Celik, 2009c) and the integrated process management system (IPMS) (Celik, 2009a) 
to apply in shipping business.  
In this research, combination of the quantitative outcomes derives from a multi-
methodological approach are utilized to support the system architecture of the 
developed IMS. The analytical basis of this research allows process based alignment 
of the requirements within different management systems whereas it helps to 
structuring of an IMS close to shipping business nature. Moreover, the research also 
involves in integrating additional functions into structured IMS procedure such as 
decision-making and risk management.  
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2.4 Feedbacks from Maritime Industry     
Industry base specialization of an IMS requires great efforts due the generic nature of 
its sub-elements in terms of management systems on quality, environment, and 
occupational health and safety. In recent years, principal classification societies are 
leading to stakeholders to adapt an IMS into organizations so that become 
widespread implementation of them in shipping business. This section considers to 
overview the fundamental structure of currently developed IMS frameworks 
developed by leading classification societies such as Det Norske Veritas (DNV) and 
American Bureau of Shipping (ABS), respectively. 
The DNV published two sets of guidelines to introduce IMS practice both onboard 
ship (DNV, 2005a) and ship operating companies (DNV, 2005b) correspondingly. 
The guideline defines the x-matrix that basically shows the correlation between the 
different requirements in the ISM Code, ISO 9001, ISO 14001, and OHSAS 18001. 
Based on DNV guidelines, the assessment and certification process for a typical 
shipping company include following aspects: executive management, technical and 
operational ship-support system functions, chartering and operation, human 
resources/personnel ship and shore, insurance, and purchasing and contract 
management. On the other hand; the shipboard management, bridge operations, 
engine-room operations, deck and ballasting operations, cargo operations, engine, 
deck, hull, and system functions are defined as main aspects of operational level. The 
corresponding clauses of ISM Code and its correlations with generic standards’ 
requirements for the individual processes of each aspect are then given in detail.  
As another example regarding with the IMS implementation in shipping industry, 
principles of the ABS Guide for Marine Health, Safety, Quality and Environmental 
Management (HSQE) that has been developed with the objective of improving safety 
and environmental performance in the management and operation of ships can be 
introduced (ABS, 2008). The HSQE guideline targets to align the correspondences 
between ISM Code, ISO 9001:2000, ISO 14001:2004, and OHSAS 18001:2007 
based on the following main items: general, policy, planning, implementation and 
operation, checking, corrective & preventive action, and management review. In 
addition, supplementary requirements of ISM code, pertain to issuance of certificates 
and periodical verifications, are also provided.  
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Both DNV and ABS guidelines provide a model for maritime interests to support the 
efforts concerning with an IMS implementation. However, the responsibility for 
increasing the benefits of an IMS belongs to the relevant shipping managers. In spite 
of any good combination of these systems leads to a more efficient way of managing 
safety, environmental issues, occupational health and safety, and quality, there are 
still some possibilities to increase the value of an IMS in practical applications. The 
effectiveness of an IMS and expected contributions to shipping business directly 
depends upon the organization and process redesign activities of shipping managers. 
The self-regulation regime in maritime transportation industry, mentioned within the 
first chapter of the research, requires adapting additional values into the current 
regulations to become competitive in shipping business. The further chapter of this 
research eagerly motivates on enhancement the implementation performance of an 
IMS in shipping business.  
2.5 Technical Knowledge Support to Thesis Content 
A typical IMS procedure in shipping business consists of combining the current 
versions of the international generic standards. Specifically, this research involves in 
achieving compliance between ISM Code clauses and requirements of the QMS, 
EMS, OHSMS, notably ISO 9001:2000, ISO 14001:2004, OHSAS 18001:2007. This 
section introduces the contents of the each management system in detail.  
2.5.1 ISM Code 
The IMO has adopted the ISM Code as a minimum statutory requirement for ship 
operating companies to establish, implement and maintain their safety management 
systems (SMS) (Pun et al., 2003). The purpose of the ISM Code is to provide an 
international standard for the safe management and operation of ships and for 
pollution prevention. Briefly, the ISM Code contains the following specific 
functional requirements for an SMS: (1) safety and environmental protection policy, 
(2) procedures to ensure safe operations and environmental protection in compliance 
with relevant international and flag state legislation, (3) defined levels of authority 
and lines of communication between and amongst shore and shipboard personnel, (4) 
procedures for reporting accidents and non-conformities, (5) procedures to prepare 
respond to emergencies, (6) procedures for internal audits and management reviews. 
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The ISM Code is in two parts: Implementation (Part A), Certification and 
Verification (Part B). It has a preamble and it totally consists of 13 separate 
elements. Table 2.2 represents the main frame of the ISM Code.   
Table 2.2: Main frame of ISM Code  
Main clauses Sub-clauses 
1st level  2nd level 3rd level 4th level 
Part A. Implementation    
1. General  1.1- 1.4 
1.1.1 - 1.1.12 
1.2.1 - 1.2.2 
1.4.1 - 1.4.6 
1.2.2.1 - 1.2.2.3 
1.2.3.1 - 1.2.3.2 
2. Safety and Environmental Protection Policy  2.1 - 2.2 N/A N/A 
3. Company Responsibilities and Authority  3.1 - 3.3 N/A N/A 
4. Designated Person(s) N/A N/A N/A 
5. Master’s Responsibilities and Authority N/A 5.1.1 - 5.1.5 N/A 
6. Resources and Personnel  6.1 - 6.7 6.1.1 - 6.1.3 N/A 
7. Development of Plans for Shipboard Operations  N/A N/A N/A 
8. Emergency Preparedness  8.1 - 8.3 N/A N/A 
9. Reports and Analysis of Non-conformities, 
accidents and hazardous occurrences  9.1 - 9.2 N/A N/A 
10. Maintenance of the Ship and Equipment 10.1 - 10.4 10.2.1 - 10.2.4 N/A 
11. Documentation  11.1 - 11.3 11.2.1 - 11.2.3 N/A 
12. Company Verification, Review and Evaluation  12.1 - 12.6 N/A N/A 
Part B. Certification and Verification    
13. Certification and Periodical Verification 13.1 - 13.11 13.5.1 N/A 
14. Interim Certification  14.1 - 14.4 
14.1.1 - 14.1.2 
14.2.1 - 14.2.3 
14.4.1 - 14.4.6 
N/A 
15. Verification  15.1 N/A N/A 
In implementation process, the shipping executives are responsible for ensuring that 
adequate resources and shore-based support are provided to enable personnel to carry 
out their functions under the SMS. The execution procedures of different processes 
are developed based on SMS, which addresses all of a company’s activities onshore 
and on board its ships. Thus, the ISM Code requires involving of the whole 
organisation in both onshore and shipboard into SMS. A well-designed SMS ensure 
an understanding of the serious risks, monitoring appropriate measures, and taking 
the corrective/preventive actions to manage them during operations. Achieving the 
maximum benefits of ISM certification provides a significant opportunity to improve 
business performance in shipping industry (Hunter, 1998). This research targets to 
increase the compliance and implementation performance of the ISM Code within an 
IMS.   
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2.5.2 Quality management system  
A QMS is a set of policies, processes, and procedures required for planning and 
execution in the business field of an organization. QMS enables the organizations to 
identify, control, and improve the various core business processes that will ultimately 
lead to improved business performance. The ISO 9001 series of standards represent 
an international consensus on good quality management practices. It consists of 
standards and guidelines relating to QMS. ISO 9001 that is designed to be 
compatible with other management systems such as EMS and OHSMS is suitable to 
ensure a broad framework for any organization to improve quality of business.  
The adaptation of a QMS in shipping business provides invaluable benefits 
especially regarding with the technical management of merchant fleet. In addition, 
various contributions to improve service quality and to ensure customer satisfaction 
in competitive market can be appreciated (Gronroos, 1984; Srdoc et al., 2007). 
However, the problems have appeared on ensuring the compliances of the ISO 
quality standards with the relevant maritime regulations while structuring an IMS in 
practice. Therefore, this research provides a methodological approach to combine 
ISO 9001:2000 requirements and ISM Code clauses with acceptable procedural 
bureaucracy in implantation level. Table 2.3 represents a main frame for the 
requirements of ISO 9001: 2000 as the currently valid version of ISO 9001 series.  
Table 2.3: Main frame of ISO 9001:2000   
Main requirements  Sub-requirements  
1st level  2nd level 3rd level 
0. Introduction  0.1 - 0.4 N/A 
1. Scope  1.1 - 1.2 N/A 
2. Normative references  N/A N/A 
3. Terms and definition  N/A N/A 
4. Quality management system  4.1 - 4.2 4.2.1 - 4.2.4 
5. Management responsibility  5.1 - 5.6 
5.4.1 - 5.4.2 
5.5.1 - 5.5.3 
5.6.1 - 5.6.3 
6. Resources management  6.1 - 6.4 6.2.1 - 6.2.2 
7. Product realization  7.1 - 7.6 
7.2.1 - 7.2.3 
7.3.1 - 7.3.7 
7.4.1 - 7.4.3 
7.5.1 - 7.5.5 
8. Measurement, analysis and improvement 8.1 - 8.5 8.2.1 - 8.2.4 8.5.1 - 8.5.3 
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2.5.3 Environmental management system  
An EMS can be defined as a number of interrelated elements that function together 
to achieve the objective of effectively and efficiently managing those activities, 
products and services of an organization which have an impact on the environment 
(Starkey, 1999). The requirements of an EMS include organizational procedures, 
responsibilities, processes, and other necessities for systematically implementing 
corporate environmental policies (Begley, 1996; Bergeron, 1997; Fresner, 1998). 
ISO 14001 is a model for an EMS and focuses on potential environmental impacts of 
organizational activities and processes such as pollution, hazardous waste, and 
consumption of natural resources and health of employees. ISO 14001, first 
published in 1996 and finally revised in 2004, specifies the actual requirements for 
an EMS. Table 2.4 represents the main frame of the ISO 14001:2004 that is 
considered to design an IMS in further section of this research.  
Table 2.4: Main frame of ISO 14001:2004   
Main requirements  Sub-requirements  
1st level  2nd level 3rd level 
0. Introduction  N/A N/A 
1. Scope  N/A N/A 
2. Normative references  N/A N/A 
3. Terms and definitions  N/A N/A 
4. Environmental management system requirements 4.1 - 4.6 
4.3.1 - 4.3.3 
4.4.1 - 4.4.7 
4.5.1 - 4.5.5 
Although new technologies and recent innovations have been integrated into many 
different transportation systems, ongoing efforts to reach environmental targets and 
manage global requirements are too often frustrated (Toffoli et al., 2005; Giannouli 
et al., 2006; Vieira et al., 2007). The environmental impact of merchant ships is of 
particular importance, through both routine operations (Hyvattinen and Hilden, 2004) 
and catastrophic maritime casualties (Höfer, 2003; Renner, 2006; Loureiro et al., 
2006; Ernst et al., 2006; Wirtz, 2007). This fact has motivated a global effort towards 
enhancing the implementation procedure of an EMS used in the shipping business 
(Smith, 1995). To this end, the ISO 14000 series of generic environmental standards 
has been integrated into the management systems of professional shipping 
organizations worldwide (Magerholm Fet, 1998). The research concept is organized 
to support the integration progress of generic standards and ISM Code.  
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2.5.4 Occupational health and safety management system 
The OHSAS 18001 gives requirements for an OHSMS to enable an organisation to 
control its risks and improve its performance in health and safety manner. The 
identification of hazards and their corresponding control measures provide the 
foundation for a safety program and essentially determine the scope, content and 
complexity of a successful OHSMS (Mearns and Flin, 1995; Makin and Winder, 
2008). Fundamentally, OHSAS 18001 was developed to be compatible with the 
existing versions of ISO 9001 and ISO 14001 in order to facilitate the integration of 
quality, environment, as well as occupational health and safety management systems, 
if organisations wish to do so (Jørgensen et al., 2006). OHSAS 18001 first published 
in 1999 and finally revised in 2007. Table 2.5 represents the main frame of OHSAS 
18001:2007 that will be considered as an element of the IMS structured within the 
further chapters of this research.  
Table 2.5: Main frame of OHSAS 18001:2007   
Main requirements  Sub-requirements  
1st level  2nd level 3rd level 4th level 
0. Forward  N/A N/A  
1. Scope  N/A N/A  
2. Reference publications  N/A N/A  
3. Terms and definitions  N/A N/A  
4. OH&S management system requirements 4.1 - 4.6 
4.3.1 - 4.3.3 
4.4.1 - 4.4.7 
4.5.1 - 4.5.5 
 
4.5.3.1 - 4.5.3.2 
 
In practice, implementation of the OHSAS 18001:2007 requirements in shipping 
business can directly enhance the operational process in terms of reducing 
occupational hazards and improving working conditions onboard ships. For example, 
an integrated execution plan of ISM Code and OHSAS 18001:2007 standard copes 
with the serious drawbacks in various procedures such as ventilation of spaces, cargo 
related processes, emergency preparedness, etc. However, the managers in shore-
based organization and shipboard personnel require a well-designed implementation 
procedure to increase the benefits from extended ISM Code procedure. This research 
targets to overcome this expectation. The detailed representation of standard 
requirements can be found in Table B.1, Table B.2, and Table B.3 in Appendix. 
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3.  BACKGROUND OF RESEARCH METHODOLOGY  
3.1 Introduction of Multi-methodological Research Background  
The focus of this chapter is to develop a scientific research background to enable 
both design and implementation of the RIDSS on shipping business processes. To 
achieve the presetting goals of the RIDSS, a multi-methodological background, 
which includes the combination of FAD, ANP, FTA, and MCDM methods, is 
developed. On the one hand, the multi-methodological research background should 
essentially be coherent therefore about an effective utilization of quantitative 
outcomes in system design of the RIDSS and on the other; the functionality of each 
method is important therefore about implementation performance of it in practice. 
Briefly, the foundation of the RIDSS consists of database management system 
(DBMS), model base management system (MBMS), FAD-based model selection 
interface (FAD-MSI), integrated process management module (IPMM), executive 
decision-making module (EDMM), and risk control and management module 
(RCMM). The details of each component are given in the following chapter; instead, 
the extensions of methodologies to RIDSS framework are clarified hereabout. 
Initially, the DBMS addresses all items, which provide the data or information 
sources to RIDSS such as the managerial decision-making processes, potential 
MCDM methods, ISM Code clauses, ISO 9001:2000 requirements, ISO 14001:2004 
requirements, and OHSAS 18001:2007 requirements. The FAD assesses the 
compliance levels of generic standard requirements respectively to align with the 
ISM Code clauses whereas the ANP identifies the dependencies among critical 
processes to rank them in execution priority. The combination of the outcomes 
derives from ANP and FAD methodologies supports to structure an IPMM. The 
FAD-MSI is then assign suitable MCDM methods match to the managerial processes 
in order to define process-model sets within EDMM. Apart from this module, 
probable risks of IPMM are evaluated and controlled via RCMM based on a simple 
FTA.  
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The multi-methodological background of the research requires incorporating 
different types of data and information sources to perform IMS design, decision-
making, and risk assessment on the RIDSS. To increase the robustness and utility of 
RIDSS in implementation, the expected contributions from each methodology 
especially to system design should satisfactorily be initiated and progressed. 
Following the brief introduction to multi-methodological background, Figure 3.1 
illustrates the functions of each method and correlations among them.  
 
Figure 3.1 : Functions of multi-methodological research background 
The next section gives the theories of FAD and FTA, as well as ANP and other 
MCDM methods such as AHP, TOPSIS, the preference ranking organization method 
for enrichment evaluation (PROMETHEE), and the elimination, choice translating 
reality method (ELECTRE), and simple multi-attribute ranking technique (SMART). 
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3.2 ANP 
This section gives the theory of ANP and introduces an analytical procedure to rank 
the managerial processes with respect to their execution priorities in shipping 
business concept.   
3.2.1 Theory of ANP 
The ANP is a relatively new and robust MCDM methodology, which can deal with 
the probable interactions between and amongst the problem elements. Saaty (1996) 
first initiated the ANP solution algorithm that involves the substantial impacts of 
those interactions into the decision model. Modelling of a decision-making problem 
based on ANP methodology is briefly described as follows: First, a decision network 
that might include dependencies and feedbacks is structured in accordance with the 
requirements of problem environment. Considering the all dependencies and 
feedbacks, pairwise comparisons of decision elements at each cluster with respect to 
the goal are made based on the nine-point scale (Saaty, 1980) given in Table 3.1.  
Table 3.1: Saaty`s nine-point scale 
Linguistic judgements Intensity of importance 
Equal importance/preference 1 
Moderate importance/preference 3 
Strong importance/preference   5 
Very strong importance/preference  7 
Absolute importance/preference  9 
Intermediate values  2, 4, 6, 8 
According to nine-point scale, where a score of 1 represents equal importance 
between the two elements and a score of 9 indicates the extreme importance of one 
element compared to the other one. A reciprocal value is assigned to the inverse 
comparison; that is, aij=1/aji, where aij (aji) denotes the importance of the ith element. 
The pairwise comparisons form a matrix from which local priority vector can be 
derived as an estimate of relative importance associated with the elements using the 
following equation: 
maxA w wλ× = ×  (3.1) 
where A is the matrix of pairwise comparison, w is the eigenvector, and λmax is the 
largest eigen value. There are several ways to compute the approximating w.  
  24
As the mostly utilized one, the following procedure is referred: (1) Sum the values in 
each column of the pairwise comparison matrix, (2) Divide each element in a column 
by the sum of its respective column to find the normalized pairwise comparison 
matrix, and (3) Sum the elements in each row of the normalized pairwise comparison 
matrix, and divide the sum by the n elements in the row (Saaty, 1996). These final 
numbers provide an estimate of the relative priorities for the elements as local 
priority vectors. Furthermore, the influences of dependencies are ensured via 
formation of a supermatrix, which consists of the local priority vectors within its 
appropriate columns. A standard form of a supermatrix is shown as follows:  
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 (3.2) 
where the cluster of a decision network is Ck, k=1,2,…,n, and each cluster k has mk 
elements, denoted by ek1, ek2,…,ekmk. Due to its partitioned structure (consists more 
than one eigenvectors), the columns of a supermatrix usually sum to more than one. 
To enable each column of the matrix sums to unity, the column normalization 
operation needs to be made. The derived matrix is called as weighted supermatrix. 
The weighted supermatrix is then raised to a significantly large power in order to 
have the converged or stable values. To achieve a convergence on the importance 
weights, the weighted supermatrix is raised to the power of 2k+1, where k is an 
arbitrarily large number, and this new matrix is called the limit supermatrix. The 
values of this limit matrix are the desired priorities of the elements of the decision 
network with respect to the goal. The very recent applications of the ANP on 
manufacturing (Yang et al., 2009), enterprise resource planning (Hallikainen et al., 
2009), (Chang et al., 2009), transport strategy (Chang et al., 2009), business 
performance (Lin et al., 2009), telecommunication technologies (Lee et al., 2009), 
erosion risk (Nekhay et al., 2009), urban development (Gómez-Navarro et al., 2009), 
supplier selection (Tseng, et al., 2009) can be cited from literature.  
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3.2.2 Ranking of managerial processes in execution priority 
In this research, the ANP supports to determine the ranks of managerial processes 
based on their execution priority in shipping business cycle. The derived priorities 
are initially combined with the outcomes from other models in order to support the 
system design of an IMS. Figure 3.2 illustrates the main stages for ranking of 
managerial processes in execution priority based on the ANP. 
 
Figure 3.2 : Ranking of managerial processes in execution priority. 
3.3 FAD in Decision-Making  
This section provides the required background of axiomatic design principles and the 
utilization of an axiomatic design as decision-making technique under fuzzy 
environment in terms of FAD. Moreover, the contributing points of the FAD to the 
multi-methodological research concept such as quantitative compliance assessment 
and model selection interface are introduced in detail.  
 
Initiate: Structuring a decision network on managerial processes in 
commercial, technical, and operational levels of shipping business 
Step 1: Making pairwise comparisons on managerial 
processes at each cluster with respect to the goal 
Step 2: Computing the local priority vectors 
Step 3: Constructing a supermatrix 
Step 4: Normalizing the columns of the supermatrix 
to obtain a weighted supermatrix 
Step 5: Transforming of the weighted supermatrix 
into limit matrix  
End: Ranking of managerial processes based on their execution 
priority in shipping business 
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3.3.1 Axiomatic design principles  
An axiomatic design (AD), initiated by Suh (1990), is a design theory that allows one 
to describe any design object in four different domains: the customer domain, the 
functional domain, the physical domain, and the process domain. The theoretical 
concept of AD defines two design axioms: the independence axiom and the 
information axiom. The independence axiom maintains the independence of the 
functional requirements (FRs) while information axiom minimizes the information 
content (Ii) of the design (Suh, 2001). In other words, the design that satisfies the 
independence axiom has the smallest information content is recognized as the best 
one among alternatives. To verify this idea rationally, Suh (2001) defined the terms 
of Ii as the simplest form to the probability of satisfying the given FRs, which is 
broadly represented via following formula:  
2
1log ( )i
i
I
p
=  (3.3) 
 where pi is the probability of achieving the FRi and log is the logarithm in base 2 
(with the unit of bits). In addition, there are a few definitions were also highlighted 
by Suh (1995) as follows: (1) if there are n FRs, the total information content is the 
sum of all these probabilities, (2) if the Ii approaches infinity, the system will never 
work (3), when all probabilities are one, the information content is zero, (4) the 
information required is infinite when one or more probabilities are equal to zero. The 
probability of design success is given by what designer wishes to achieve (i.e. design 
range) and what the system is capable of delivering (i.e. system range). Figure 3.3 
states the design range, system range, and overlap between both areas so-called as 
common range (Kulak and Kahraman, 2005a).  
 
Figure 3.3 : Design range, system range, and common range in AD. 
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The distribution function pi is written via following formula in the case of uniform 
probability:  
rangesystem
rangecommon
pi =  (3.4) 
Considering the Eq. 3.4, the Ii is represented as follows:  
)(log 2
rangecommon
rangesystemI i =  (3.5) 
Principally, an AD helps the designers through enhancing the certain decision-
making process in design to improve the quality of products and creativity. In 
practice, the applications of AD give feasible results especially in developing the 
design concept of hardware, software, materials, manufacturing, and organizations. 
Specifically, Lee et al. (2001), Bae et al. (2002), Jang et al. (2002), Hwang et al. 
(2003), and Hirani and Suh (2005) are addressed as applications of AD in literature.  
3.3.2 Theory of FAD 
Recently, a genuine link between the fuzzy sets and the AD theory has been 
established (Kulak and Kahraman, 2005a) to ensure analytical solutions for different 
decision-making concepts based on this transition. In FAD methodology, incomplete 
information about the system and design ranges is transformed into the triangular 
fuzzy numbers (TFNs). Therefore, the common area is the intersection of two TFNs. 
Figure 3.4 illustrates the design range, system range, and common range in TFN 
form.  
Figure 3.4 : Desing range, system range, and common range in FAD. 
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According to the Figure 3.4, the definition of Ii is can be expressed as follows:  
2
TFN of system rangelog ( )
common area
iI =  (3.6). 
Referring the paper of Kulak and Kahraman (2005a), the FAD has been applied on 
decision-making problems in various eras, which are briefly reviewed in Table 3.2.  
Table 3.2: Review of FAD applications in literature  
Application topics  Author & Year 
Selection among transportation companies (Kulak and Kahraman, 2005b) 
Selection of material handling equipments (Kulak, 2005)  
Multi-attribute equipment selection  (Kulak et al., 2005) 
Ranking of intercity bus passenger seats (Eraslan et al., 2006) 
Measuring customer satisfaction at ports  (Cebi and Celik, 2007) 
Supplier selection  (Ozel and Ozyoruk (2007) 
Ship machinery installation (Cebi and Celik, 2008a) 
Ship design project approval (Cebi et. al., 2008)  
MBA program curricula design  (Cebi and Celik, 2008b) 
Shipyards’ docking performance evaluation model (Celik et al., 2009c)  
Competitive strategy development on container ports  (Celik et al., 2009e)  
Teaching assistant selection problem (Kahraman and Cebi, 2009) 
Model selection paradigm  (Celik and Er, 2009) 
Integrated quality and safety management system design  (Celik, 2009a) 
This research follows the FAD to solve two critical issues in design and 
implementation stages of RIDSS: quantitative compliance assessment and model 
selection interface. The stages of the FAD-based approaches on both compliance 
assessment and model selection are introduced in the following subsections.     
3.3.3 Quantitative compliance assessment  
In Section 2 of the research, the literature review particularly highlighted the needs 
for a methodological approach to aid an IMS design process. The methodological 
background of this research also takes the advantage of FAD to assist the 
establishment of an IPMM in RIDSS framework. First, the FRs on expected 
compliances level for the relevant requirements of the generic standards with ISM 
Code clauses is identified based on the fuzzy linguistic scale. Olcer and Odabasi 
(2005) elucidated the different ranges for defining a linguistic scale. The fuzzy 
linguistic scale for conformity assessment indicated in Table 3.3. Moreover, 
Kahraman and Cebi (2009) originally defined the ideal functional requirements 
(IFRs) to rank the all alternatives without eliminating any of them.  
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Table 3.3: Fuzzy linguistic scale for conformity assessment 
Linguistic judgements  Corresponding TFNs 
Clauses very high conforming  VH (0, 0, 0.3) 
Clauses high conforming  H (0, 0.25, 0.5) 
Clauses medium conforming  M (0.3, 0.5, 0.7) 
Clauses low conforming L (0.5, 0.7, 1) 
Clauses very low conforming  VL (0.7, 1, 1) 
To achieve the selection of requirements in respect to maximum compliance, this 
research considers the “clauses fully conforming” as IFRs. In respect to the nature of 
each managerial process, system ranges in terms of correspondences between clauses 
and requirements are assigned in TFN form. The quantitative outcomes of FAD in 
terms of Ii ensure process-based alignment of clauses or requirements on the ISM 
Code or generic standard basis. The results are then recognized as reference point to 
structure an IPMM. Figure 3.5 illustrates the FAD approach for quantitative 
compliance assessment. 
 
Figure 3.5 : FAD approach for quantitative compliance assessment. 
 
 
Initiate: Identifying the ISM Code clauses, and the requirements of 
ISO 9001:2000, ISO 14001:2004, OHSAS 18001:2007 
Step 1: Exploring the execution concept and 
expectations from managerial processes  
Step 2: Setting the IFRs on expected compliance level 
between clauses and requirements in TFN form 
Step 3: Assigning the judgements on correspondences 
between clauses and requirements 
Step 4: Computing information contents for clauses 
with respect to the each process 
End: Process-based alignment of ISM Code clauses and generic 
standards’ requirements to support IPMM 
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3.3.4 Model selection interface   
The model selection is one of the critical stages of problem solving in decision 
science (Deason, 1984; Hobbs, 1986; Barlow, 1987). Despite the significance of 
topic, there are just a few studies to methodologically contribute the model selection 
paradigm. For example, Ozernoy (1990) designed an advance mechanism to 
integrate a model selection unit into the expert systems. Furthermore, Al-Shemmeri 
et al. (1997) proposed a model choice algorithm over MCDM methodologies. 
However, Guitouni and Martel (1998) and Vincke (1999) have pointed out serious 
drawbacks in application of current model selection algorithms that require 
additional improvements and proofs in order to satisfy practical outcomes with high 
level of consistency. On the other hand, Topcu (1999) developed a new perspective 
for the model selection via Integrated Decision Aid (IDEA). Then, Topcu and 
Ulengin (2004) applied the IDEA on determining suitable methodology for analysing 
the case of energy planning. Egrioglu et al. (2008) have proposed an election strategy 
based on Artificial Neural Networks (ANNs). Recently, Celik and Er (2009) 
developed the concept of FAD-MSI towards managing the most adequate problem-
model matches. The FAD-MSI also adopted into the strategic environmental 
assessment (SEA) frame to enhance the multi-criteria analysis (Celik et al., 2008).  
This research follows the FAD-MSI to assign a suitable MCDM method on each of 
the focused managerial decision-making process. To achieve an effective evaluation 
framework, common attributes cited within previous model selection approaches are 
referred. However, it is a necessity to modify those attribute in accordance with the 
principles of FAD. The FAD - MSI assess the MCDM methods based on benefit and 
cost attributes. In order to evaluate the suitability of methods for the characteristics 
of decision-making process, the easiness of use (b1) provides a great advantage for 
the relevant managers while the technical compliance of the proposed model with the 
problem nature (b2) ensures a higher consistency. On the other hand, the opportunity 
for embedding of the industrial feedbacks and market tendencies (b3) is another 
critical point of model consistency in practical applications. In regard with the further 
system architecture on structuring of DSS mechanisms in advance, the process 
redesign opportunities (b4) and flexibility in modelling process (b5) are the 
significant parameters for the DMs. In implementation process, the selected MCDM 
methods should be compliance with the managerial procedures (b6) and enable a high  
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level of organizational consensus (b7). The satisfactorily results and closeness of the 
previous methodologies for the similar cases in academic literature (b8) can be 
recognized as a guide for the DMs. The additional costs for software and procedural 
requirements (c1) and level of needs for a professional consultancy (c2) have varied 
according to the selected methods. On the other hand, the time constraint for the 
managerial effort (c3) to solve the decision-making processes is recognized as 
another cost attribute. Table 3.4 tabulates the fuzzy linguistic scale for model 
selection interface. To perform the FAD-MSI, the IFRs both for benefit and cost 
attribute are defined as follows: IFRBenefit: (0, 1, 1) and IFRCost: (0, 0, 1).  
Table 3.4: Fuzzy linguistic scale for model selection interface 
Linguistic judgements  Corresponding TFNs 
Very Low VL (0, 0, 0.3) 
Low  L (0, 0.25, 0.5) 
Medium  M (0.3, 0.5, 0.7) 
High  H (0.5, 0.7, 1) 
Very High  VH (0.7, 1, 1) 
Furthermore, the application stages of the FAD-MSI are shown in Figure 3.6.  
 
Figure 3.6 : Model selection interface: FAD-MSI. 
 
Initiate: Defining the managerial processes and scope of MCDM 
methods 
Step 1: Structuring a multi-attribute evaluation 
framework for model selection problem  
Step 2: Setting the IFRs for cost and benefit attributes 
in TFN form 
Step 3: Assigning the judgements on MCDM methods 
in respect to the each managerial process 
Step 4: Computing the Ii values to rank the MCDM 
methods based on their compliance with processes 
End: Determining the model-process sets to support the design phase 
of both IPMM and EDMM  
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3.4 Taxonomy on MCDM Methods  
This section gives a brief representation of each method to ensure required 
knowledge on methodological aspects in further sections. To define a methodological 
concept for the MBMS of the RIDSS, a numbers of methods are considered among 
the MCDM approaches. Topcu (1999) presented a critical review of the different 
categorizations for MCDM methods: classification of methods based on the 
existence of value function, based on the articulation of preferences, and based on the 
functionality of the methods. Table 3.5 adopted from the recent classification by 
Topcu (1999) which is partially referred the taxonomy of Stewart (1992).  
Table 3.5: MCDM taxonomy (Topcu, 1999) 
Main category  Methods  
Elementary methods Even Swap 
 Lexicographic 
 Elimination by aspects 
 Conjunctive 
 Median ranking 
 Majority 
  
Value Based methods Simple multi-attribute ranking technique (SMARTS) 
 
Technique for order preference by similarity to ideal 
solution (TOPSIS) 
 Analytic hierarchy process (AHP) 
  
Outranking methods The elimination, choice translating reality method (ELECTRE)  
 
The preference ranking organization method for 
enrichment evaluation (PROMETHEE) 
  
Interactive methods PRIAM 
 Step Method (STEM)  
 Aspiration level interactive method (AIM) 
 Visual interactive goal programming (VIG) 
 Convex cones 
This research limited the MCDM concept with value-based methods (e.g. SMART, 
TOPSIS, AHP, AHP Rating) and outranking methods (e.g. ELECTRE and 
PROMETHEE). Therefore, the MBMS of the RIDSS is principally determined to 
consist of the following methods: AHP, AHP Rating, SMART, TOPSIS, 
PROMETHEE I-II, and ELECTRE I-II.   
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3.4.1 AHP  
The AHP is one of the methods for quantifying decision-making processes under 
multiple criteria (Saaty, 1980). It is based on computing a set of normalized 
eigenvectors, also called priority vectors, of the decision matrix (Saaty, 1994). The 
mathematical concept of AHP is represented as follows (Dagdeviren et. al, 2009): 
Initially, a decision problem is structured in a hierarchical structure includes criteria 
and alternatives in respect to an overall goal. To determine the relative importance of 
the decision elements, the pairwise judgments are then assigned based on the nine-
point scale that is already stated in Table 3.1. The result of the pairwise comparison 
on n criteria can be represented by a (n*n) matrix A in which every element aij (i, j=1, 
2… n) is the quotient of weights of the criteria. The pairwise comparison matrix A is 
shown as follows:  
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  (3.7) 
To compute the relative weights, the Eq.3.8 that proves correspondence among the 
right eigenvector (w) and corresponding to the largest eigenvalue (λmax) is given:  
maxAw wλ=  
  (3.8) 
If the pairwise comparisons are completely consistent, the λmax will be equal to n. In 
this case, the priority weights can be obtained by normalizing any of the rows or 
columns of the pairwise comparison matrix A. In practice, the utility of findings are 
strictly related to the consistency of the pairwise comparison judgments. Thus, the 
consistency index (CI) is defined as:  
maxCI ( ) /( 1)n nλ= − −  
  (3.9) 
The final consistency ratio (CR) is calculated as the ratio of the CI and the random 
index (RI) using following formula:  
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CR=CI/RI  (3.10) 
The results are accepted as consistent if the value of CR does not exceed the 10 %. 
Furthermore, AHP Rating that is one of the best known and the most widely used 
scoring method are preferred when the decision makers are indifferent with the 
assigning judgments on excessive numbers of alternatives. Besides traditional AHP, 
MBMS of the RIDSS also includes the AHP Rating method to overcome those 
circumstances. On the other hand, enormous numbers of the recent AHP applications 
(Sueyoshi et al., 2009; Angelou and Economides, 2009; Karaarslan and Gundogar, 
2009; Lu et al., 2009; Sharma and Agrawal, 2009; Aguilar-Lasserre et al., 2009) can 
be found in literature.  
3.4.2 SMART 
The SMART, originally sketched by Edwards (1977), is simplified version of the 
multi-attribute utility theory (MAUT) that can broadly be expressed by the following 
formula:  
k
j
i=1
Value = i ijw s∑  (3.11) 
where for each alternative j, value is measured as the weighted sum of measures sij 
for this alternative on each of the i criteria, weighted by the relative importance wi 
which reflects both criterion importance and measurement scale (Edwards and 
Barron, 1994; Olson, 2001). As specialized form of the MAUT, the SMART defines 
a weighted average based on the following equation:  
k
i
i=1
U = j ijw u∑  
k
i=1
1jw =∑  
(3.12) 
 
where Ui is aggregate utility for the ith alternative, wj is normalized weight of the jth 
criterion, and uij is normalized scores of the ith alternative on jth criterion. In SMART 
applications, the scores are standardized to a 0-1 scale (with 0 representing the worst 
expected performance on a given criterion, and 1 representing the best-expected 
performance).  
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To normalize the scores in different ranges, the following equation can be used:  
ij
i=1
= ij iju a a∑  (3.13) 
where aij is the scores assigned to criteria.  
The SMART method does not require much computational effort and usually shows 
good performance (Lootsma and Schuitj, 1997). Due to its simplicity, the SMART 
has been used mainly in business and social sciences (Kangas and Kangas, 2004; 
Mustajoki et al., 2005; Popi and Dimitrios, 2006; Chou, 2008).  
3.4.3 TOPSIS 
Hwang and Yoon (1981) initiated the TOPSIS method for solving MCDM problems 
based on the distance measure principles. Broadly, the TOPSIS chooses the best 
alternative, which has the shortest distance from the positive ideal solution (PIS) and 
the farthest distance from the negative ideal solution (NIS). Initially, a decision 
problem is expressed in a matrix format stated as follows:  
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       ...   
1
m
11 12 13 1n
21 22 23 2n
31 32 33 3n
m1 m2 m3 mn
n1 2 3C C C C
A
A
A
A
x x x ... x
x x x ... x
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x x x ... x
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  
⋮ ⋮ ⋮ ⋮ ⋱ ⋮
, 1 2 nW w ,w ,...,w =    (3.14) 
where the where 1 2 mA ,A ,...,A  are possible alternatives among which decision 
makers have to choose, 1 2 nC ,C ,...,C  are criteria with which alternative performance 
are measured, ijx  is the rating of alternative iA  with respect to criterion jC , jw  is the 
weight of criterion jC . The TOPSIS algorithm begins with the normalization of the 
decision matrix via following formula:  
2
1
,    , ,..., ;  , ,..., .ijij
m
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i
x
r i 1 2 m j 1 2 n
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=
= = =
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(3.15) 
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where ijx  is the performance value of alternative i to criterion j. The normalized 
decision matrix is than weighted via following formula:  
,    , ,..., ;  , ,..., .ij j ijv w r i 1 2 m j 1 2 n= = =  (3.16) 
where jw  is the weight of jth attribute or criterion, and 
1
n
j
j
w = 1
=
∑ .Then, the PIS and 
NIS is found based the following formula respectively:  
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A v v v min v i I max v i I− − − −
=
=
= ∈ ∈
= ∈ ∈
 (3.17) 
where 'I  is associated with benefit criteria and ''I  is associated with cost criteria. It 
is the next stage of TOPSIS to compute the distances of each alternative from both 
PIS and NIS as follows:   
* * 2
1
( ) ,    , ,..., .
n
i ij j
j
S v v i 1 2 m
=
= − =∑  
2
1
( ) ,    , ,..., .
n
i ij j
j
S v v i 1 2 m− −
=
= − =∑  
(3.18) 
The alternatives are finally ranked based on the relative closeness that is valued by 
the following formula:  
*
*
,    , ,..., .
i
i
i i
SC i 1 2 m
S S
−
−
= =
+
 (3.19) 
The recent applications of TOPSIS in key topics are given as follows: material 
selection (Shanian and Savadogo, 2006), supplier selection (Shyur and Shih, 2006; 
Boran, 2009), manufacturing (Tang et al, 2009), quality assessment (Qiaozhi, 2009), 
machine layout (Ahi et al., 2009), project selection (Dodangeh et al., 2009), training 
performance evaluation (Wang and Chang, 2007), shipping registry choice 
(Kandakoglu et al., 2009) for selection or ranking problems within the various cases.  
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3.4.4 PROMETHEE 
The PROMETHEE, developed by Brans and Vinke (1985), is a widely applied 
outranking method in MCDM literature. In this method, the intensity of the 
preference for alternative “a” over alternative “b” with regard to each criterion “j” is 
measured in terms of a preference function Pj (a, b), which is evaluated based on the 
generalised criterion for each “j”. The PROMETHEE requires setting of the 
following thresholds to evaluate the preference functions in different situations: (1) 
Indifference threshold (q): It is the lowest value of dj (a, b) below which the decision 
maker considers, there is indifference between “a” and “b”. (2) Strict preference 
threshold (p): It is the lowest value of dj(a, b) below which the decision maker 
considers, there is a strict preference of “a” and “b”. (3) Standard deviation (s): It is a 
well-known parameter directly connected with standard deviation of a normal 
distribution. Following those definitions, six possible types of generalised criterion 
are given as follows (Brans et al., 1986):  
Type I: Usual criterion; 
00
   
11d
d
P
d
=
= 
=
 (3.20) 
Type II: U-shape criterion; 
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Type III: V-shape criterion; 
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Type IV: Level criterion; 
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Type V: V-shape criterion (indifference); 
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(3.24) 
Type VI: Level criterion; 
2 2( / 2 )1 ddP e
σ−
= −  (3.25) 
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In decision-making process, the target of the PROMETHEE algorithm is to compute 
a weighted average of the preference function to obtain a rank ordering of the 
alternatives. Such that, the suitable type of generalised criterion is determined after 
defining the problem, objectives, attributes (gj), and alternatives (ai).  
The attributes are also identified based on the maximised and minimised effects, 
which govern the problem. The threshold matrix is than formed using the strong 
preference threshold value (pj) and indifference threshold value (qj) for each element 
if required depending upon the preference function. Then, an absolute weight value 
wj based on a suitable scale is assigned. A relative weight value (Wj) for each 
attribute (gj) is then derived from the absolute weight value (wj) using the following 
equation: 
j
j
j
w
W
w
=
∑
 such that 1jw =∑  (3.26) 
The performance matrix is formed by filling up the co-efficient gij related to the gj 
and ai where j=1, 2, 3, …J and i=1, 2, 3, …I respectively. The preference index for 
each alternative over all attributes is calculated via following formula:  
1 2 1 2
1
( , ) ( , )
J
j j
j
a a W P a a
=
= ∑∏  (3.27) 
where, Wj refers to the weight assigned to the criterion j and Pj(a1, a2) is represented 
as Pj[dj(a1, a2)]. Where, Pj(a1, a2) refers to the value of the preference function 
according to the difference between the evaluations of the alternatives a1 and a2 on 
the criterion j, where dj(a1, a2) = gj(a1)- gj(a2). Then, the positive (where alternative is 
dominating) and negative (where alternative is dominated) outranking flows for each 
alternative are revealed based on following equations:  
1 1
1
( ) ( , )
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a a aφ +
=
= ∑∏  (3.28) 
1 1
1
( ) ( , )
I
i
i
a a aφ −
=
=∑∏  (3.29) 
Then the net flow is computed using the formula shown as follows: 
 1 1 1( ) ( ) ( )a a aφ φ φ+ −= −  (3.30) 
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Finally, the PROMETHEE I provides a partial pre-ordering of the alternatives 
through a pairwise dominance comparison of positive and negative outranking flows, 
while, the PROMETHEE II provides a complete pre-ordering through a comparison 
of net outranking flows. The recent applications of PROMETHEE regarding with the 
supply chain (Routroy and Kodali, 2007), supplier evaluation (Araz and Özkarahan, 
2007), stock management (Albadvi et al., 2007), manufacturing system (Anand and 
Kodali, 2008), project selection (Halouani et al., 2009), system quality evaluation 
(Liu and Zhongliang, 2009) safety management (Ramzan et al., 2009) can be cited.  
3.4.5 ELECTRE  
The ELECTRE is the earliest outranking method, originated by Roy (1971). At 
present, the ELECTRE has developed a series of improved algorithms. In this 
research, the MBMS of the RIDSS includes the ELECTRE I -II among them. 
Principally, the ELECTRE is based on the concordance and discordance indices. 
First, a decision matrix is structured using the existing data. The criteria weights add 
up to 1. For an ordered pair of alternatives (Aj, Ak), the concordance index cjk is the 
sum of all the weights for those criteria where the performance score of Aj is least as 
high as that of Ak. The representation of the cjk is given as follows (Fülöp, 2005):  
:
   , 1, 2,.., ;   .
ij ik
jk i
i a a
c w j k n j k
≥
= = ≠∑  (3.31) 
The computation of the discordance index djk in different situations is presented as 
follows:  
If Aj performs better than Ak on all criteria, aij>aik, i=1...m, the discordance index is 
zero, djk=0. Otherwise;  
1,2,..
1,2,.. 1,2,..
,    , 1, 2,..    
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i m ij ij
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−
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−
 (3.32) 
where Ak outperforms Aj, the ratio is calculated between the difference in 
performance level between Ak and Aj and the maximum difference in score on the 
criterion concerned between any pair of alternatives. The maximum of these ratios is 
the discordance index. A concordance threshold c* and discordance threshold d* are 
then defined such that 0<d*<c*<1.  
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Then, Aj outranks Ak if the cjk>c* and djk<d*, i.e. the concordance index is above 
and the discordance index is below its threshold, respectively. Following those steps, 
The ELECTRE I method is used to construct a partial ranking and choose a set of 
promising alternatives while ELECTRE II is used for ranking the all alternatives. 
The recent applications of ELECTRE (Almeida, 2005; Aiello et al., 2005; Amiri et 
al., 2008; Wang and Triantaphyllou, 2008; Papadopoulos and Karagiannidis, 2008; 
Montazer et al., 2009) can be cited from literature. 
3.5 FTA  
A FTA supports the RCMM of the RIDSS framework in order to eliminate potential 
incompliance among the different regulatory regimes, which might lead the 
interruption of the process execution. This section introduces the background of a 
FTA and procedure that is followed to integrate the RCMM into the proposed 
RIDSS.  
3.5.1 Principles of FTA 
FTA is one of the widely applied techniques for formal risk assessment studies. It is 
beneficial to represent any case both logically and diagrammatically. Indeed, it 
provides an analytical perspective to clarify the reasons behind any kind of an 
undesirable situation (i.e. an accident case). So far, it has a potential to be applied on 
to a system/phenomena of any size. As initiating element of a FTA, top event (TE) is 
an event with a catastrophic nature or an event that cannot be tolerated such as total 
loss of a system. In a FTA structure, a TE, intermediate events, gates, and basic 
events are recognized as the principal elements. Table 3.6 explains the basic 
definitions of the principal elements that are used to structure a FTA. Moreover, 
Figure 3.7 depicts the symbolic representation of the principal elements of a FTA.  
Table 3.6:  Principal elements of a FTA  
Elements  Symbol Explanation  
TE, intermediate event  
 
It is used for describing an event  
AND gate 
 
Output event occurs if all input events occur 
OR gate  
 
Output event occurs if any one of the input 
events occurs  
Basic event  
 
It is used for describing a basic event with 
sufficient data  
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Figure 3.7 : Symbolic representation of the principal elements of a FTA   
3.5.2 Designation of MCs  
The FTA has strengths such as easy to model complex structures, flexibility in 
graphical and methodological representation of any case, and quantitative solution 
ability. The FTA enables satisfactory solutions to system evaluation in respect to 
safety, reliability, and performance aspects. On the other hand, it also complies with 
progressing decision-making in terms of root cause analysis, risk assessment, and 
design assessment. In FTA application, the results can satisfy the expectations of the 
relevant decision-makers if the required data is available. Otherwise, integrated 
models are structured to treat the data shortage in risk assessment. For both 
conditions, risk assessors utilise the minimal cut sets (MCs) to obtain the TE 
probability. A MC is a collection of basic events. It means that if any basic event 
does not occur, the TE will not occur (Andrews and Moss, 2002). In any case, the 
laws (Boolean algebra) for simplifying sets and obtaining the MCs leading to a top 
event in a fault tree (NASA, 2002; Wang, 2008):  
Suppose ‘+’ stands for OR and ‘·’ stands for AND. A and B are two events. Suppose 
1, 0, A  stand for true, false and not A, respectively.  
Identity laws 
A + 0 = A 
A + 1 = 1 
A · 0 = 0  
A · 1 = A 
Indempotent laws 
A + A = A 
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A · A = A 
Complementative laws 
A · A  = 0 
A + A  = 1 
Commutative laws 
A + B = B + A 
A · B = B · A 
Associative laws 
(A + B) + C = A + (B + C) 
(A · B) · C = A · (B · C) 
Distributive laws 
A · (B + C) = A · B + A · C 
A + (B · C) = (A + B) · (A + C) 
Absorption laws 
A + A · B = A 
A · (A + B) = A  
De Morgan’s laws 
BABA +=•  
BABA •=+  
The main purpose of representing a FTA in terms of Boolean algebra is that these 
equations can then be used to easily determine the MCs belong to the targeted case. 
Recalling the definition, a MC is a combination (intersection) of primary events 
sufficient for the occurrence of the TE. Therefore, these sets are the minimal 
combination in that all the failures are needed for the TE to occur. It means that if 
one of the failures in a MC does not occur, then the TE will not occur.   
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The very recent applications of FTA (Sadiq et al., 2008; Volkanovski et al., 2009; 
Lindhe et al., 2009; Cheng et al., 2009; Acosta and Forrest, 2009; Youngjung et al., 
2009) are found in literature. In this research, the risk assessment procedure of the 
RCMM seeks for obtaining the MCs to propose the necessary risk control options. 
3.5.3 Risk assessment procedure for process execution 
The RCMM of the RIDSS explores and controls the potential hazards, which might 
cause to regulatory incompliance and interruption the execution of the relevant 
managerial processes. The elements (ISM Code clauses and standard requirements) 
settled within IPMM refer to define the concept and scope of the RCMM. The 
relations among these elements are then addressed in respect to each process. 
Applying traditional rules to simplify the sets, the MCs leading to probable 
interruptions in process exertions are determined. In consequence, the clarified MCs 
are designated based on a traditional FTA approach in order to define a satisfactory 
risk control option. Figure 3.8 illustrates a risk assessment procedure for preventing 
the probable execution shortfalls of individual process in shipping business. 
 
Figure 3.8 : Risk assessment procedure for process execution.  
Initiate: Identifying the process-based designated clauses and 
requirements in IPMM   
Step 1: Deciding on the relations among the ISM 
Code clauses and standard requirements 
Step 2: Applying the rules to simplify the sets leading 
to occurrence of the TE 
Step 3: Structuring a regulation/standard based fault 
tree representation of each managerial process   
Step 4: Obtaining the MCs leading to a regulatory 
incompliance in process execution  
End: Designating the derived MCs as individual risk control options 
for each process 
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3.6 Information Flow within Research Methodology  
The research methodology to design and implement the RIDSS principally includes 
the systematic concepts for ranking of managerial processes in execution priority, 
quantitative compliance assessment, model selection interface, and risk assessment 
procedure for process execution subsequently. However, it is clearly seemed that 
some repeating stages are available among those concepts. Thus, it is beneficial to 
structure an information flow under a unique scheme, which includes the following 
key elements settled in Table 3.7:  
Table 3.7: Key elements of research methodology  
Elements   Abbreviations 
Managerial decision-making process Pi 
where i is the number of the 
managerial process within RIDSS 
scope 
MCDM methods Mj 
where j is the
 
number of
 
the methods 
in which the MBMS of the RIDSS 
includes 
Managerial process-MCDM method 
sets Pi Mj - 
The ISM Code clauses Ic where c is the number of clauses  
The requirements of ISO 9001:2000 
QMS Qu 
where u is the number of QMS 
requirements  
The requirements of ISO 14001:2004 
EMS Ev 
where v is the number of EMS 
requirements 
The requirements of OHSAS 
18001:2007 OHSMS Oz 
where z is the number of OHSMS 
requirements 
Reference points  R - 
To ensure compliances of different methodological concepts, a well-designed 
information follow is necessary. Figure 3.9 illustrates an information flow within 
research methodology that derives and links up the quantitative outcomes to achieve 
the design and implementation of the RIDSS. The information flow also incorporates 
the industrial feedbacks, which particularly support the research methodology to 
specialize the RIDSS in accordance with the business environment of shipping 
transportation. 
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Figure 3.9 : Information flow within research methodology 
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Initiate: Pi, Mj, Pi Mj, Ic, Qu, Ev, Oz 
Industrial 
feedbacks 
Literature 
review  
S1: Construct a decision 
network on Pi 
S2: Compute supermatrix, 
weighted supermatrix, and 
limit matrix based on ANP 
S3: Derive priority weights 
on Pi 
 
R1: Execution priority ranks 
for Pi 
S7: Define analytical solution 
requirements for execution of 
Pi 
S8: Assign linguistic 
judgements on Mj in respect 
to the requirements of Pi 
S9: Compute information 
content values for Mj based 
on FAD algorithm  
R3: Process-model sets; Pi Mj 
S10: Define probable risks of 
IPMM framework against 
execution of Pi 
S11: Construct a fault tree of 
factors leading to regulatory 
incompliance of Pi execution   
S12: Produce minimal cut sets 
leading to top event of the 
designated fault tree 
R4: Risk control options for 
Pi execution  
IPMM RCMM EDMM 
S4: Define the relevant Qu, 
Ev, Oz in respect to the nature 
of Pi 
S5: Assign linguistic 
judgements on compliance 
levels among Qu, Ev, Oz and Ic 
S6: Compute information 
content values for Qu, Ev, Oz 
based on FAD algorithm 
R2: Process-based alignment 
of Ic, Qu, Ev, Oz 
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4.  RISK INTEGRATED DECISION SUPPORT SYSTEM (RIDSS)    
4.1 Brief Information on DSS Structures 
A DSS is a subset of computer-based information systems. Furthermore, various 
definitions on a DSS from different perspective are available in literature (Keen and 
Scott Morton, 1978; Alter, 1979; Bonczek et al., 1981, Sprague, 1980). As a 
common viewpoint, a DSS structure is described as a human interactive and 
computer-based decision-making system that supports decision-makers to satisfy 
effective solutions on problems via utilizing data and models. 
In the early development stages of DSS mechanisms, initial studies proposed by 
Little (1975), Locander et al. (1979), Ness (1975), Scott Morton (1971), Hogue and 
Watson (1983) were focused on the conceptual framework to specifically enhance 
business organizations. Moreover, theoretical framework of traditional DSS 
structures were extended towards information technologies (IT) especially based on 
the MS/OR foundation (Alter, 1980). The advance structure of DSS mechanisms 
allow a great level industry based applications towards functional management fields 
such as production and operations management, management information systems, 
marketing, finance, strategic management, human resources, accounting, and 
execution of international business issues. A wide range of bibliographic surveys on 
DSS applications are reviewed (Eom et al., 1998; Eom and Kim, 2006).  
The performance of the different model concepts within DSS is another significant 
phenomenon. Traditionally, MS/OR models are still the significant elements of DSS 
structures; however, the recent applications have outlined the increasing trends in 
Artificial Intelligence (AI) tools, neural networks, and heuristics model units 
(Carlsson and Turban, 2002). Broadly, the fundamental structure of a DSS 
incorporates the single usage or combination of relevant methods such as 
deterministic models, stochastic models, and MCDM techniques. 
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It is another issue to decide about the suitable one among the several taxonomies on 
DSS design. Considering the scope of system, Power (1997) defined two types of 
DSS: enterprise-wide DSS and desktop DSS. Another DSS categorization is 
proposed with considering the user situations such that passive, active, and 
cooperative. According to the mode of assistance, a DSS can be performed in five 
different concepts: communication-driven DSS, data-driven DSS, document-driven 
DSS, knowledge-driven DSS, and model-driven DSS (Power, 2002).  
Parallel to the developments in the structure of DSS, the principle components of the 
system are defined respectively. In the initial stages, database management system 
(DBMS), model-base management system (MBMS), dialog generation and 
management system (DGMS) are identified as three fundamental components of the 
system (Sprague and Carlson, 1982). Furthermore, users, decision context, target, 
data sources, and working environment were defined as five main components of 
DSS. As another extension, Marakas (1999) defined the structural elements of DSS 
as data management system, model management system, the knowledge engine, the 
user interface, the users to express the functionality. A more detailed discussion 
about structural components of a traditional DSS can be found in Haag et al. (2000). 
In application of a DSS, different concepts can be appreciated in accordance with the 
problem environment. Text-oriented DSS, database-oriented DSS, spreadsheet-
oriented DSS, solver-oriented DSS, rule-oriented DSS, and compound DSS are 
recognized as common types of application procedure (Holsapple and Whinston, 
1996). The target levels of a DSS are divided into three major groups: personal 
support, group support, and organizational support (Hackathorn and Keen, 1981). 
4.2 State-of-the-art of RIDSS 
In previous section, broad classifications for a traditional DSS is given in respect to 
the modes of assistance, levels of support, types of application procedure, and 
fundamental components. Those classifications are referred to define the design 
characteristics of the RIDSS. First, the RIDSS includes the DBMS, MBMS, user 
interfaces (e.g. IPMM, EDMM, RCMM), and users (e.g. relevant managers). 
Furthermore, the RIDSS is initiated as a model-driven DSS mechanism. It both 
assigns and utilizes the MCDM methods to ensure model base execution of the 
managerial processes.  
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The RIDSS optionally ensures support in personal, group, and organizational levels. 
Table 4.1 shows the design preferences to support state-of-the-art of the RIDSS.  
Table 4.1: State-of-the-art of RIDSS 
Traditional DSS structure                                        
Design specifications    Type RIDSS 
Modes of assistance Communication-driven DSS  
Data-driven DSS  
Document-driven DSS  
Knowledge-driven DSS  
Model-driven DSS √ 
Levels of support Personal support √ 
Group support √ 
Organizational support √ 
Types of application procedure Text-oriented DSS  
Database-oriented DSS √ 
Spreadsheet-oriented DSS  
Solver-oriented DSS  
Rule-oriented DSS  
Compound DSS  
Fundamental components DBMS √ 
MBMS √ 
User interface √ 
Users √ 
4.3 Components of RIDSS 
In accordance with the traditional DSS structure, the components of the RIDSS are 
given as follows: 
(i) Database management system (DBMS) 
(ii) Modelbase management system (MBMS) 
(iii) Fuzzy axiomatic design – model selection interface (FAD-MSI) 
(iv) Integrated process management module (IPMM) 
(v) Executive decision-making module (EDMM) 
(vi) Risk control and management module (RCMM) 
The following subsections introduce the concepts of each component to transform 
the methodological background into the required knowledge for RIDSS 
implementation.  
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4.3.1 Database management system (DBMS) 
The DBMS of the RIDSS has two kinds of information sources. The first one, 
notably DBMS1, includes the ISM Code clauses and updated version of the generic 
standards’ requirements. The users of the RIDSS have opportunities to modify the 
data (e.g. clauses and requirements numbers) due to the flexibility of the DBMS1. On 
the other hand, the DBMS2 consists of characteristic information belong to the 
managerial processes in shipping business. The numbers of clauses/requirements 
from DBMS1 are aligned while the documentations within DBMS2 assist the users to 
select suitable MCDM methods with respect to the nature of managerial processes.  
4.3.2 Model base management system (MBMS) 
The MBMS of the RIDSS mainly includes the value-based methods and outranking 
methods. In detail, the existing models are named as follows: AHP, AHP Rating, 
SMART, TOPSIS, PROMETHEE I-II, and ELECTRE I-II. The background 
information about the theory and applications of each method are already given in 
previous sections. The assigned methods within MBMS target to solve the 
managerial processes. Consequently, an analytical foundation for the execution 
procedures belong to each of the managerial process is designated within EDMM.  
4.3.3 Model selection interface: FAD-MSI 
The FAD-MSI is one of the most significant interfaces within RIDSS. It assigns the 
most suitable methodologies on managerial processes based on a model selection 
algorithm. The FAD–MSI overcomes the existing indefinites and difficulties in 
managerial decision problem modelling. The functionality of the FAD-MSI has a 
vital importance to reveal consistent outcomes from RIDSS implementation. The 
process-model sets are then utilized to accelerate the EDMM.  
4.3.4 Integrated process management module (IPMM) 
The IPMM consists of series of procedures, which support the execution of 
managerial processes based on maritime rules integrated with the requirements of 
generic standards. A quantitative compliance assessment approach based on FAD is 
installed between MBMS and DBMS2. The target of the IPMM is to ensure a 
regulatory compliance with a minimum level of execution bureaucracy.  
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4.3.5 Executive decision-making module (EDMM) 
The EDMM is an advance module of the RIDSS. It additionally encourages the 
relevant managers to improve the execution of each process within the RIDSS scope. 
Following the process-model sets, an analytical solution for managerial processes is 
performed.  
4.3.6 Risk control and management module (RCMM) 
The idea of RCMM is to defend the IPMM against the probable hazards and risks 
associated with the managerial process. The RCMM identifies the most important 
MCs leading to those hazards based on a FTA. Then, necessary control options are 
determined to manage the risks that might interrupt the shipping business cycle.  
4.4 Integrity of RIDSS Components  
The introduced components of the RIDSS are composed in a high level of integrity. 
The system’s design in based on a traditional DSS structure. Moreover, a couple of 
methodological interfaces are also integrated to ensure an effective information 
follow in a quick response. For instance, the quantitative outcomes derive from the 
FAD, FAD-MSI, and ANP create reference points to implement the IPMM and 
EDMM respectively. The RCMM then combines the regulatory requirements and 
decision-making attributes to eliminate the probable risks on process execution and 
improvement. The shipping executives as the potential users of the RIDSS can 
involve the whole implementation process via following the IPMM, EDMM, and 
RCMM simultaneously. Figure 4.1 shows the integrity of the RIDSS components.  
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Figure 4.1: Integrity of the RIDSS components 
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4.5 Key Aspects for Implementation of RIDSS   
The RIDSS has practical goal for implementing in professional ship management 
companies. Thus, the following key aspects should satisfactorily be considered 
during design and implementation of the RIDSS: 
• The scope of managerial decision-making processes in shipping business 
should clearly be determined and settled within DBMS2. The RIDSS has 
flexibility to include the relevant managerial process from different divisions 
(e.g. technical, commercial, and operational).   
• The DBMS1 should include the updated version of the each generic standard’s 
requirements (e.g. ISO 9001: 2000; ISO 14001: 2004; OHSAS 18001: 2007).   
• The characteristics of the focused managerial decision-making processes 
should clearly be identified in order to assign a suitable method, which needs 
to comply with the nature of each process.  
•  The consistency of the modelling studies especially within EDMM concept 
requires high-level interactions with both academic literature and industrial 
feedbacks. 
• The RCMM should consider both the designated regulatory foundation within 
IPMM and the analytical solution within EDMM to effectively reduce or 
prevent the probable risks leading to process execution interruption.    
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5.  DEMONSTRATION OF RIDSS 
5.1 Problem Statement   
In this chapter, demonstration of the proposed RIDSS is performed. In accordance 
with the information flow of the research methodology, a number of key managerial 
processes are determined via considering the industrial feedbacks in which include 
management procedures of a professional shipping company. During final phase of 
the research, a series of meeting was held with executives of different departments in 
TURKON Container Transportation & Shipping from Turkish maritime industry. 
Since 2001, the company has seen steady growth in container ship fleet between the 
ranges of 1150-1900 TEUs. The organization has truly implemented the ISO 
9001:2000 and ISO 14001:2004 coupling with the ISM Code requirements. That is 
why it is decided to make a pilot application of the RIDSS compliance with the 
managerial organization of this company. Since the scope of RIDSS partially covers 
a couple of managerial processes, the concept of this trial is so called as pilot 
application. However, the integration of overall processes is necessary to ensure fully 
progressing of the RIDSS in practice. In Appendix 1, please find the attached 
document about completion of educational research at TURKON Container 
Transportation & Shipping during two months period. 
Initially, all aspects of the needs and expectations of the organization regarding with 
the process management and integration efforts of international standards into 
organizational level are explored. In this sense, the focus of the pilot application will 
be the commonly encountered managerial processes, which include administrative, 
financial, technical, and operational aspects. Furthermore, the focused key 
managerial processes for the company are also require implementing ISM Code and 
international standards. Since the company has both quality and environmental 
management manuels, the source of consistent data is accessible. So far, it is 
determined to achieve an analytical execution support and regulatory compliance for 
the following key managerial processes that are usually confronted by relevant 
managers in shipping business:  
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• P1: Shipboard personnel recruitment 
• P2: Familiarization and training  
• P3: Performance appraisals of marine suppliers 
• P4: Marine equipment/spare part purchasing 
• P5: Fleet maintenance planning   
• P6: Accident analysis and prevention  
• P7: Ship docking operations management       
• P8: Performance measurement for emergency drills    
5.2 Prototype Implementation Strategy for RIDSS 
The utility of the pilot application necessitates an effective implementation strategy 
plan. A well-organized implementation strategy has vital importance to enable 
gathering of useful data/information, deriving consistent outcomes, and integrating 
them into the existing management organization of the company. This section 
describes the paths to transform quantitative outcomes into useful knowledge to 
ensure functionality of the RIDSS. In detail, it is determined that four-reference 
points which are derived via using previously given four different procedures to 
support IPMM, EDMM, and RCMM options of the RIDSS. Parallel with the case 
study, the IPMM is demonstrated for all process while the EDMM and RCMM are 
respectively applied to solve one of the most significant processes (P1) for the 
company.  
After setting the concept of managerial processes, application of RIDSS initially 
requires deriving four reference points that are listed as follows: Execution priority 
ranks for managerial processes (R1), process-based alignment of standard 
requirements and ISM Code (R2), process-model sets (R3), and risk control options 
for process execution (R4). Among them, R1 and R2 are utilized in design phase of 
IPMM while the R3 and R4 aid to perform the EDMM and RCMM correspondingly. 
The further subsections focus on each reference points respectively. Figure 5.1 
schematizes the prototype implementation strategy for RIDSS.    
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Figure 5.1: Prototype implementation strategy for RIDSS  
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5.3 Details of Key Managerial Processes 
This section provides required technical information related to each process. 
Specifically, the following items and documentation are introduced to clearly 
understand how those are executed within shore-based organization of a standard 
ship management company: (i) Current execution procedures, (ii) Decision-making 
steps in detail, (ii) Sub-processes, (iv) Potential threads and hazards against process 
execution, (v) Responsibilities of shipping executives as decision-makers. The 
feedbacks from a standard ship management company are then transformed into 
useful information to provide advance solutions for process execution in shipping 
business. Besides valuable feedbacks, it is another advantage of this industry-based 
investigation to benchmark the current management style in shipping business and 
utility of proposed RIDSS in practical applications. Hereafter, the further subchapters 
explain the existing procedures for managerial processes. In addition, the key 
decision-making issues specifically arisen in process execution are addressed in 
order to identify the characteristics of the problem.        
5.3.1 Shipboard personnel recruitment (P1)  
In current situation, the crewing department in accordance with the Part 6 (Human 
Resources and Personnel) of the Safety Management System Manuel (SMSM) 
organizes the existing personnel recruitment policy of the company. The responsible 
manager examines the employment records, competency certificates, medical check 
report, and other related documents of every personnel. Then, the duty of the ship 
personnel and English ability is approved. The personnel employment procedure of 
the company is similar with which many traditional shipping companies have utilized 
in practice. Instead, the IPMM of the RIDSS enables process improvement while the 
EDMM of the RIDSS targets to reconsider a competence-based assignment of the 
personnel in respect to the ship-operating environment.    
5.3.2 Familiarization and training (P2) 
In accordance with the Form # 035 described within the SMSM, the company gives 
familiarization training to the all crewmembers and officers about general 
introduction of ship, safety equipments, and emergency operation procedures of the 
equipments onboard ships.  
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The responsible manager from quality department provides the familiarization 
training in the company prior to joining the ship. The regular training concept is 
recorded via special forms. As sample forms, a few of them is listed as follows: 
“Crew on Job Training Form”, “Abandon Ship Training Examination”, “Garbage 
Management Training Examination”, “ISM Training Examination”, “Video Training 
Record”. Additionally, familiarization specialized to Captain is provided via Form # 
002 under the responsibility of designated person ashore (DPA) who are able to sure 
about the captain has sufficient knowledge about the company SMS.  
In practice, the time constraint is the main issue associated with the completion of the 
familiarization and training in a good order. Given the ongoing occupational errors in 
shipping accidents in global manner, the contents and level of this training are 
arguable. Instead of a uniform familiarization policy, the educational contents can be 
enhanced to cover additional items that are more relevance to the duties of personnel. 
To achieve an efficient training, the contents of the familiarization training can be 
redesigned. In respect to the personnel duties, prioritization of training items enables 
a specialized training syllabus for each position onboard ship. This approach 
combines the familiarization and training in a unique program. Such idea ensures a 
continual occupational knowledge development for shipboard personnel in a time 
saving form.   
5.3.3 Performance appraisals of marine suppliers (P3) 
The goal of the supplier selection and evaluation procedure is defined within SMSM 
as determining the suitable firms that are satisfy the expectations of the company 
regarding with the logistic support and service to ship fleet in a high quality. The 
scope of this procedure covers the documented information about all relevance 
suppliers. The evaluation checklist of the company is based on four different 
attributes: delivery performance, satisfaction of expected conditions, additional 
service options, and distribution networks. The firms are eliminated from the list, if 
they do not exceed the performance threshold of 14 over 20 points. To manage this 
process, the managers have utilized the “Approved Supplier Selection and Evaluation 
Form”. However, this process requires adopting more systematic since marine 
supplier selection is one of the complex issues for the ship management companies in 
order to ensure an effective logistic supply to ships.  
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The nature of this problem lays to supplying the all requirements to maintain 
shipboard functions continuously. Besides the generic needs for accommodation of 
personnel, especially operating of machinery plant, which serves propulsion ability 
and electricity supply for the ship, requires enormous supplies. Therefore, logistics 
supports to ship fleets have a vital importance to maintain the operational 
performance and sustainability in desired level. At this insight, the existing 
evaluation attributes of the company can be extended to make a more detailed 
assessment of the marine suppliers. In addition, the existing supplier elimination 
system can be enhanced via a methodological way.    
5.3.4 Marine equipment/spare part purchasing (P4) 
The company has a satisfactory procedure for maintaining logistic supports to ship 
fleet. Principally, it organizes the all aspects associated with the purchasing of all 
equipments and services. The purchasing process for different items is executed via 
several request/offer forms. In detail, marine & deck stores, engine room stores, and 
steward’s stores are the principal supplies items for merchant ships. The supplies 
budgets elements (i.e. paints, lubricating oil, safety equipments, chemicals, fresh 
water, galley and laundry needs) are determined based on the needs of merchant 
ships in operational process even if docking and repair processes in shipyards as 
well. The maintenance activities are the other critic elements of logistic support to 
shipboard. The availability of several items in supplies budget enforces the ship 
management companies to contact with the different marine supplier firms in the 
market.  
On the other hand, supplying of the critical items especially for the operating 
environment of machinery plant can directly linked up with the technical efficiency, 
safety, and reliability issues. All these constraints require executing effective 
managerial control of logistic support that is vital to ensure cost-effective and 
reliable stores, supplies, and inventory policy. The company has achieved this 
process in a good order. However, measuring the quality of utilized/received marine 
equipments (spares) or services is another significant issue. The existing 
request/offer procedures of the company can be supported with an additional quality 
testing system for monitoring the purchased marine equipments or services in respect 
to key attributes such as the failure rates, guarantee periods, service delays.  
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5.3.5 Fleet maintenance planning (P5) 
The organization of the company executes the fleet maintenance process in 
accordance with the “Part 10 - Maintenance and Overhaul” in which SMSM 
describes. The goal of the maintenance / overhaul of the ship and its equipment is to 
perform safe, efficient checks of the vessel, machinery, and equipment and to 
provide operation of these according to SMS, Class Society Regulations and advices 
of manufacturer firm. According to suggestions and the related rules, technical 
department is responsible for making a satisfactory program for maintenance / 
overhaul of the ship. Inspectors provide technical support to the ships under their 
supervision. In practice, responsible marine inspectors has observed the vessel and 
equipment conditions of the ships under their supervision continuously, collect 
reports and records and are responsible for keeping and executing these reports and 
records. Additionally, inspectors examine and represent the failure reports and their 
results to Operation Manager. DPA is responsible for monitoring all activities related 
to maintenance and overhaul. 
From technical perspective, the responsible inspectors make plans to eliminate the 
failures reported from ships. While making these plans, the importance and urgency 
of the defective equipment should be considered. The root reasons of the failures are 
analysed. If the temporary repair done by the ship cannot eliminate the root reason of 
the failure, this is reported to the ship, and the permanent repair plan is defined. All 
steps of this process are performed based on the planned maintenance system. 
However, the flexibility of the planned maintenance system to give response to 
different failure/repair concepts is ill defined. Instead of a rigid nature of the planned 
maintenance system, the shipboard systems require a system-based integrated 
maintenance management, which incorporates different maintenance modes (i.e. 
preventive maintenance, predictive maintenance, reliability-centred maintenance).  
5.3.6 Accident analysis and prevention (P6) 
The company has an accident reporting procedure, which describes the path for 
reporting the occurred accidents immediately to the company and related authorities. 
It is important to inform the company as soon as possible when an accident takes 
place. In the prepared accident report, there should be descriptive information that 
will enable the company to take measures correctly.  
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If there is not enough information about the whole situation at the first stage, an 
additional report should be sent as soon as new information has been gathered. In 
general, the following information should be sent to office in case of emergency or 
accident: (1) Type of emergency or accident and its extensions, (2) The time, date, 
reason, and basics of the event, (3) The exact position of the ship, the navigational 
properties of the zone, weather conditions, (4) The current situations of the vessel, 
engine and equipment, (5) Whether there are any injured personnel, (6) The type and 
extensions of the damage, (6) The measures taken to correct the situation. The 
existing system has enough capability to enable a satisfactory solution to shipping 
accidents in a quick response. However, it does not recognize a prevention effort to 
probable further accidents. To cope with this shortcoming, the existing accident 
reporting procedure can be treated. The accident analysis would be more confident if 
the system can reveal preventive actions. The EDMM of the RIDSS can enhance the 
accident analysis and prevention procedure in order to provide some 
countermeasures to increase safety barriers onboard ships.   
5.3.7 Ship docking operations management (P7) 
The SMSM of the company describes a procedure for docking operations. The goal 
of this procedure is to determine the procedures to be followed during periodic or 
unplanned (defect or accident) docking of the ships. Master, DPA, technical 
manager, and related superintendents are the key executives of this process. In 
routine situations, DPA chooses the docking port and shipyard, subsequently; the 
responsible inspectors call the attention of the captain by means of the following 
information requests: (1) the scheduled date and period of docking, (2) the last 
preparation date of docking repairs detail list, (3) shipyard schedule, (4) the delay for 
the docking repairs plan of the ship, (5) the request form of spare parts, which will be 
used in docking period, (6) the deadline for reporting the tank conditions. It seems 
that the procedure satisfactorily organizes the responsible executives and ship 
personnel during docking period. The existing system ensures approval and 
confirmation of the completed works; in addition, it keeps the records of 
maintenance and part order/delivery approvals at the completion of docking 
operations.  
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However, the scheduling and coordination of docking operations are other significant 
points of this process. The EDMM of the RIDSS can achieve an analytical solution 
to time-based scheduling and coordination of the works in docking period.  
5.3.8 Performance measurement for emergency drills (P8)   
The company has a strict procedure to support the preparations for emergencies. In 
principle, it is obliged to prepare procedures for preparation for emergencies and 
counter operations against emergencies. The main target of the procedure is to keep 
the company organization always ready against the risks, accidents and emergencies 
the ships may encounter. In this manner, shore and ship personnel are made to 
increase their capabilities and skills of SMS, including being ready for emergencies 
related to safety and environmental protection. Specifically, the company has a board 
of emergency precautions that includes key members such as general manager, DPA, 
technical manager, environment-safety-quality manager.  
As a representation of emergency management in operational level, the significance 
of the emergency drill and test procedure is appeared. The following main drills are 
performed within certain intervals onboard ships: (1) emergency steering drill, (2) 
fire-fighting drill, (3) abandoning ship drill, (4) man overboard drill, etc. However, 
the performance of the completed emergency drills should be measured to clearly 
identify urgent training requirements. The EDMM of the RIDSS can consider the 
performance measurement of shipboard personnel in emergency drills.  
5.4 Overview on Key Regulatory Aspects of Managerial Processes  
Given the feedbacks from company-based survey, the core expectations from process 
execution and ISM Code relevance to each process are clearly identified. Since the 
IPMM deals with structuring a regulatory framework for each managerial process, 
designation of the ISM Code clauses is appeared as an important task. 
The execution of the P1 is directly related to the Clause - 6 of the ISM Code 
(Resources and personnel). In detail, the relevance of the process can be linked to the 
following clauses: (i) Clause - 6.2: The Company should ensure that each ship is 
manned with qualified, certificated and medically fit seafarers in accordance with 
national and international requirements, (ii) Clause - 6.4: The Company should 
ensure that all personnel involved in the Company's safety management system have  
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an adequate understanding of relevant rules, regulations, codes and guidelines, (iii) 
Clause - 6.7: The Company should ensure that the ship's personnel are able to 
communicate effectively in the execution of their duties related to the safety 
management system.  
Furthermore, the Clause - 6 has also a few requests related to the P2. These are given 
as follows; (i) Clause - 6.3: The Company should establish procedures to ensure that 
new personnel and personnel transferred to new assignments related to safety and 
protection of the environment are given proper familiarization with their duties. 
Instructions which are essential to be provided prior to sailing should be identified, 
documented and given, (ii) Clause - 6.4: The Company should ensure that all 
personnel involved in the Company's safety management system have an adequate 
understanding of relevant rules, regulations, codes and guidelines, (iii) Clause - 6.5: 
The Company should establish and maintain procedures for identifying any training, 
which may be required in support of the safety management system and ensure that 
such training is provided for all personnel concerned.  
On the other hand, a small conflict is appeared if the targeted managerial process 
does not have a direct connection with the ISM Code context. In this case, this kind 
of process can be linked to one of the generic clauses of the ISM Code. For example, 
the P3 and P4 is considered under the cover of Clause - 7 Development of plans for 
shipboard operations: The Company should establish procedures for the preparation 
of plans and instructions, including checklists as appropriate, for key shipboard 
operations concerning the safety of the ship and the prevention of pollution. The 
various tasks involved should be defined and assigned to qualified personnel. In 
addition, the assigned standard requirements in respect to the compliance levels 
improve the execution of the P3 and P4. 
The Clause-10 of the ISM Code has fundamental requirements to execute the P5 and 
P7 respectively. The following items are considered as the common clauses for both 
processes: Clause - 10.1: The Company should establish procedures to ensure that 
the ship is maintained in conformity with the provisions of the relevant rules and 
regulations and with any additional requirements which may be established by the 
Company, Clause - 10.2: In meeting these requirements the Company should ensure 
that:  
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Clause - 10.2.1 inspections are held at appropriate intervals; Clause - 10.2.2 any non-
conformity is reported, with its possible cause, if known; Clause - 10.2.3 appropriate 
corrective action is taken; and; Clause - 10.2.4  records of these activities are 
maintained. Specifically, the P5 is also relevance to the Clause - 10.3: The Company 
should establish procedures in its safety management system to identify equipment 
and technical systems the sudden operational failure of which may result in 
hazardous situations. The safety management system should provide for specific 
measures aimed at promoting the reliability of such equipment or systems. These 
measures should include the regular testing of stand-by arrangements and equipment 
or technical systems that are not in continuous use. The P7 can be supported via 
Clause - 10.4: The inspections mentioned in Clause - 10.2 as well as the measures 
referred to in Clause - 10.3 should be integrated into the ship's operational 
maintenance routine. 
The relevant clauses to support execution of the P6 are Clause - 9.1: The safety 
management system should include procedures ensuring that non-conformities, 
accidents and hazardous situations are reported to the Company, investigated and 
analysed with the objective of improving safety and pollution prevention, and Clause 
- 9.2: The Company should establish procedures for the implementation of corrective 
action. 
The P8 is expected to comply with the existing sub-requirements of the Clause - 10 
Emergency preparedness. The sub-clauses relevance to P8 is given as follows: 
Clause - 8.1: The Company should establish procedures to identify, describe and 
respond to potential emergency shipboard situations, Clause - 8.2: The Company 
should establish programmes for drills and exercises to prepare for emergency 
actions, Clause - 8.3: The safety management system should provide for measures 
ensuring that the Company's organization can respond at any time to hazards, 
accidents and emergency situations involving its ships. 
Table 5.1 represents a brief overview for the characteristics and the regulatory 
concepts through key decision-making aspects of the focused managerial processes 
in RIDSS application. The straightforward feedback will potentially be useful 
evidence to consistently perform further modules (i.e. IPMM, EDMM) of the RIDSS.    
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Table 5.1: Key decision-making aspects of the focused managerial processes 
Managerial 
Processes   Explanation of key decision-making aspect   Proposed procedure title  ISM Code Relevance  
P1 
Assignment of personnel to ship fleet based on operational problems 
and competency instead of the traditional personnel embarkation   Competency-based assignment  
Clause 6.2 
Clause 6.4 
Clause 6.7 
P2 
Prioritization of training items to redesign familiarization/training 
syllabus specific to the shipboard personnel instead of a uniform 
familiarization policy  
Specified familiarization syllabus   
Clause 6.3 
Clause 6.4 
Clause 6.5  
P3 
Ranking the marine supplier alternatives to systematically eliminate 
the unqualified firms instead of keeping the within continuously 
approved list  
Marine supplier selection/approval  Clause 7 
P4 
Measuring the quality of marine equipments/services to support 
routine purchasing activities Quality testing and measurement   Clause 7 
P5 
Incorporating different maintenance modes into fleet maintenance 
planning procedure instead of traditional planned maintenance 
practice onboard ships   
Integrated maintenance management  
Clause 10.1 
Clause 10.2 
Clause 10.3 
P6 
Enhancement of the accident analysis and prevention procedure in 
order to increase safety barriers onboard ships  Accident prevention  
Clause 9.1 
Clause 9.2 
P7 
Scheduling of the works and operations in docking period of ships to 
support coordination of related personnel       Docking operations scheduling  
Clause 10.1 
Clause 10.2 
Clause 10.4 
P8 
Measurement of the responsible personnel performance in the 
completed emergency drills in order to clearly identify urgent training 
requirements  
Emergency drills’ performance measurement  
Clause 8.1 
Clause 8.2 
Clause 8.3 
  67 
5.5 Execution priority ranks for managerial processes (R1)       
Reducing an excessive bureaucracy in process execution has vital importance for 
organizations in professional ship management companies. Therefore, it is necessary 
to identify the common points between managerial processes. Especially, it is so 
significant managerial issue if the process management is performed in accordance 
with standardization system requirements. On the other hand, this effort also prevents 
some conflicts and negotiations in decision-making and probable regulatory 
incompliance. The RIDSS considers this issue and it establishes a decision network 
on managerial process in shipping business. Table 5.2 gives a cluster of the 
managerial processes in respect to the existing dependencies among them.   
Table 5.2: Dependencies among the managerial process 
Affected process  Affecting process  
P1 P2, P5, P8  
P2 P1, P5, P8 
P3 P4, P5, P7 , P8 
P4 P3, P5, P7 , P8  
P5 P1, P2, P3 , P4, P7 
P6 P1, P2, P4 , P5, P7, P8 
P7 P1, P3, P4 , P5 
P8 P1, P2, P4 , P6 
According to those dependencies, Figure 5.2 represents the established decision 
network in order to emphasis the affected/affecting processes.   
 
Figure 5.2: Decision network on managerial process. 
P8 P1 
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P3 
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After structuring the decision network, it is the next issue to incorporate the expert 
judgements into the established model, which has a goal of ranking the focused 
managerial processes in respect to their execution priority. In this step, a series of 
meeting was held with the executives from the company. Then, shipping executives 
from different division made a single linguistic judgement for each pairwise 
comparison by means of a brainstorming meeting. At this insight, Saaty`s nine-point 
scale previously given in Table 3.1 was used to compare any two elements. 
Furthermore, the priority vectors from each of the decision matrix were calculated. 
Considering the dependencies in Figure 5.2, the decision matrices and relevant 
priority vectors are given in Table 5.3-5.10. To make numerical representation of the 
derived values, a sample calculation is given for Table 5.3 as follows:  
1 3 6 1/1.5 3/8 6/ 7.25
0.33 1 0.25   0.33/1.5 1/8 0.25/ 7.25
0.17 4 1 0.17 /1.5 4/8 1/ 7.25
 1.5   8  7.25
0.67 0.38 0.83 1.87 1.87 /3 0.62
0.22 0.13 0.03 0.38  0.38/3  0.
0.11 0.5 0.14 0.75 0.75/3
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 
 
  
 
 
 
Table 5.3: Pairwise comparison matrix with respect to P1 
P1 P2 P5 P8 
Priority 
vectors  
P2 1 3 6 0.62 
P5 1/3 1 1/4 0.13 
P8 1/6 4 1 0.25 
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Table 5.4: Pairwise comparison matrix with respect to P2 
P2 P1 P5 P8 
Priority 
vectors  
P1 1 3 5 0.64 
P5 1/3 1 2 0.23 
P8 1/4 1/2 1 0.13 
 
Table 5.5: Pairwise comparison matrix with respect to P3 
P3 P4 P5 P7 P8 
Priority 
vectors  
P4 1 7 5 4 0.62 
P5 1/7 1 1/3 1 0.09 
P7 1/5 3 1 1 0.16 
P8 1/4 1 1 1 0.13 
 
Table 5.6: Pairwise comparison matrix with respect to P4 
P4 P3 P5 P7 P8 
Priority 
vectors  
P3 1 6 2 5 0.48 
P5 1/6 1 1/3 1/4 0.08 
P7 1/2 3 1 1/5 0.16 
P8 1/5 4 5 1 0.28 
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Table 5.7: Pairwise comparison matrix with respect to P5 
P5 P1 P2 P3 P4 P7 
Priority 
vectors  
P1 1 1 4 3 1/5 0.20 
P2 1 1 5 2 1/2 0.21 
P3 1/4 1/5 1 1/3 1/8 0.05 
P4 1/3 1/2 3 1 1 0.16 
P7 5 2 8 1 1 0.38 
 
Table 5.8: Pairwise comparison matrix with respect to P6 
P6 P1 P2 P4 P5 P7 P8 
Priority 
vectors  
P1 1 2 4 3 5 3 0.33 
P2 1/2 1 4 5 4 5 0.30 
P4 1/4 1/4 1 3 1/3 2 0.10 
P5 1/3 1/5 1/3 1 1/2 1 0.06 
P7 1/5 1/4 3 2 1 1/4 0.10 
P8 1/3 1/5 1/2 1 4 1 0.11 
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Table 5.9: Pairwise comparison matrix with respect to P7 
P7 P1 P3 P4 P5 
Priority 
vectors  
P1 1 6 3 1/4 0.29 
P3 1/6 1 2 1/6 0.11 
P4 1/3 1/2 1 1 0.16 
P5 4 6 1 1 0.44 
 
Table 5.10: Pairwise comparison matrix with respect to P8 
P8 P1 P2 P4 P6 
Priority 
vectors  
P1 1 1 4 2 0.34 
P2 1 1 5 4 0.43 
P4 1/4 1/5 1 1/3 0.07 
P6 1/2 1/4 3 1 0.16 
Using the revealed weights, the initial supermatrix is structured in Table 5.11. The 
elements of the initial surmatrix are imported from the pairwise comparison matrices 
of interdependencies among the managerial processes. Since the model has only one 
cluster, the weighted supermatrix is found the same.  
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Table 5.11: Initial supermatrix 
Processes  P1 P2 P3 P4 P5 P6 P7 P8 
P1 0 0.64 0 0 0.20 0.33 0.29 0.34 
P2 0.62 0 0 0 0.21 0.30 0 0.43 
P3 0 0 0 0.48 0.05 0 0.11 0 
P4 0 0 0.62 0 0.16 0.10 0.16 0.07 
P5 0.13 0.23 0.09 0.08 0 0.06 0.44 0 
P6 0 0 0 0 0 0 0 0.16 
P7 0 0 0.16 0.16 0.38 0.10 0 0 
P8 0.25 0.13 0.13 0.28 0 0.11 0 0 
Then, the supermatrix is made to converge in order to obtain a long-term stable set of 
weights. For convergence to occur, the super-matrix needs to be column stochastic. It 
means that the sum of each column of the supermatrix needs to be reach at one. 
Raising the super-matrix to the power 2k+1, where k is an arbitrarily large number, 
allows convergence. In this case, convergence is reached to the power of 13. The 
limited matrix (converged supermatrix) is shown in Table 5.12.  
Table 5.12: Limited supermatrix 
Processes  P1 P2 P3 P4 P5 P6 P7 P8 
P1 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 
P2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
P3 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
P4 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
P5 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
P6 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
P7 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
P8 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
According to the limit matrix, the execution priority ranks for each managerial 
process are given in Table 5.13. The revealed priority ranks are utilized to support 
R1.   
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Table 5.13: Execution priority ranks of managerial processes 
Rank Processes Priority value  
1 P1 0.26 
2 P2 0.25 
3 P5 0.14 
4 P8 0.13 
5 P4 0.08 
6 P7 0.07 
7 P3 0.05 
8 P6 0.02 
5.6 Process-based alignment of ISO standard requirements and ISM Code (R2)   
Given the information flow within research methodology, it is the next issue to adapt 
regulative requirements and generic standards for structuring the IPMM as a 
significant part of the RIDSS. Especially, integration and compliance are the most 
challenging points of the RIDSS. The RIDSS considers ISM Code/standard 
requirements stated within DBMS1 and relevant managerial processes stated within 
DBMS2 via FAD quantitative compliance assessment algorithm. Initial stage of this 
assessment requires defining ISM Code relevance to managerial processes, given in 
Table 5.14. 
Table 5.14: ISM Code relevance to managerial processes 
Managerial 
Processes   Corresponding ISM Code clauses    
P1 Clause 6.2, Clause 6.4, Clause 6.7 
P2 Clause 6.3, Clause 6.4, Clause 6.5  
P3 Clause 7 
P4 Clause 7 
P5 Clause 10.1, Clause 10.2, Clause 10.3 
P6 Clause 9.1, Clause 9.2 
P7 Clause 10.1, Clause 10.2, Clause 10.4 
P8 Clause 8.1, Clause 8.2, Clause 8.3 
After defining the ISM Code relevance to each process, the next issue is to measure 
the compliance levels. Considering the nature of the focused managerial processes, 
the assigned judgements are given in Table 5.15-5.22.  
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Table 5.15: Compliance assessment for P1 
P1 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
6.2 L M M M H M H M H VH H H L M L VL VL VL M M VL L L                 
6.4  VL VL VL L H M H H M VH VL VH VL L VL VL VL VL L VL VL VL VL                 
6.7 VL VL VL VL M M VH L H H VL H VL VL VL VL VL VL M M VL VL VL 
                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
6.2 VL M M M M H M L L L M M H VH L L M M L L L L L L VL VL VL VL VL VL VL VL L L L L H L L 
6.4  VL M H H M H M M M M H H H VH L L H M L L L L L L L L VL VL VL VL VL VL VL VL VL VL M VL VL 
6.7 VL M H VH H H M M VH L M M H VH L L L M VL VL VL VL VL VL VL VL VL VL VL VL VL VL L L L L H L L 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
6.2 L M M VH L L                                  
6.4  L H M VH H L                                  
6.7 L H M VH L M 
                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
6.2 M M L M VH M L M M H L M M H M                         
6.4  H H L M H L L H M H L M M L M                         
6.7 M M L M VH H L H M H L M M M M 
                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
6.2 M M M VH M M                                  
6.4  M M M VH H L                                  
6.7 M M M H M M 
                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
6.2 M M H H VH M M H VH M H M L H H                         
6.4  M VH H H VH M M M H M M M M M H                         
6.7 H H H H VH VH M M H H L M H L M                         
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Table 5.16: Compliance assessment for P2 
P2 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
6.3 L M H H M H H M M VH M VH L L H VL VL VL L VL VL VL VL                 
6.4  L L L L H M H H M VH VL VH H M M M H M L L L L L                 
6.5 VL M VL VL H H H L H H VL H VL VL L L VL VL M M L VL VL 
                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
6.3 L H H M H M H H M L M M H VH L L L M M L L VL VL L VL VL VL VL VL VL VL VL L L L L M M M 
6.4  L M H H M M M M M L M M H VH L L L M M L L VL VL L VL VL VL VL VL VL VL VL L L L L H H H 
6.5 L M H H H M H M M L M M H VH L L L M M L L VL VL L VL VL VL VL VL VL VL VL L L L L M M M 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
6.3 M M M VH L M                                  
6.4  M M M VH M M                                  
6.5 M M H VH M M 
                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
6.3 M M H H VH M H H VH M H M L H H                         
6.4  M VH H H VH M M M H M H M M M M                         
6.5 M H H H H VH M M H H M M H M M 
                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
6.3 M L M VH L M                                  
6.4  M H M VH M M                                  
6.5 M M VH VH M M 
                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
6.3 H M H M VH M M H VH M H M L H H                         
6.4  M VH M H VH M M M H M M M M M H                         
6.5 H H H H VH VH M M H H L M H L M                         
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Table 5.17: Compliance assessment for P3 
P3 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
7 H M M H H M VL VL H L H H H H H VH VH H M M H M L                 
 ISO 9001:2000(Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
7 M H M H H M L L L L L L M M H H H H M M H H H H VH VH H M M M M M M M M M L L L 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
7 M M H VH L M                                  
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
7 H H H H L H H H H M H H M H M                         
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
7 M L H VH L M                                  
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
7 M M M M L H H H H M VH H M H M                         
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Table 5.18: Compliance assessment for P4 
P4 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
7 H M M H VH M VL VL M L M M H H H VH VH H M M H M H                 
 ISO 9001:2000(Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
7 M H M H H M M M L M L L M M M M M H M M H H H H VH VH VH M M M M M M M M M L L L 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
7 M H M VH M L                                  
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
7 H H H H L H H H VH M VH H M H M                         
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
7 M H M VH M L                                  
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
7 H H H H L M M M H M VH H M H L                         
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Table 5.19: Compliance assessment for P5 
P5 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
10.1 M M M L M H H M H H M VH L L M M H H VH H H H H                 
10.2 M H H H M H H M H H M VH M M M M H H VH VH VH H H                 
10.3 L L L L M H H M M M M H M L M M H H H H H H H 
                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
10.1 M M H H M M M M M VL VL VL M VH VL VL VL H M L L M M M VL VL VL M M M M M M M M M H H H 
10.2 M H M M M M M M H L M M M VH M M M M M L L VL VL L VL L L L L L L L H H VH H H H VH 
10.3 M M H VH H M H M M VL VL VL H VH L L L M M VL VL VL VL VL VL VL VL M M M M M L L L L M M M 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
10.1 M M H VH H M                                  
10.2 M VH H H VH M                                  
10.3 M M H H H M 
                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
10.1 H VH M M H M M M VH H M VH M M M                         
10.2 M M M M H H M M H H H M VH M M                         
10.3 M VH H H H M M M H M M L VH L L 
                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
10.1 M M H H H M                                  
10.2 M H H H VH M                                  
10.3 M M H H H M 
                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
10.1 M H M M H M M M M M M M M M L                         
10.2 M M M H H M M M H M M M VH VH M                         
10.3 H M H H H M M M H H M M M L L                         
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Table 5.20: Compliance assessment for P6 
P6 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
9.1 L L L L M H H L M M M VH M M H L L L L L H M M                 
9.2 L M L L M H H L M M M VH L L H VL VL L L L H H VH                 
 ISO 9001:2000(Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
9.1 L L H H M M H M VH VL VL VL M M VL VL VL M H H H H H H VL VL VL M M M M M M M M M H H VH 
9.2 L M M L L L M M H L M M M M M M M M M L L VL VL L VL L L L L L L L H H VH H H M VH 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
9.1 L M H H VH M                                  
9.2 L M M H VH M                                  
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
9.1 M M M M H M M M H H M M VH M M                         
9.2 M M L M M M M M M H H L VH M M                         
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
9.1 M H H H VH L                                  
9.2 M M H H H L                                  
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
9.1 L M L M H H M M H M H L VH M M                         
9.2 L L M M H M M M H M M M VH M M                         
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Table 5.21: Compliance assessment for P7 
P7 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
10.1 M L L L M M H M H H M M M M M M H M H M M H H                 
10.2 L L L L M H M M M M M H M M M M M M H H H H H                 
10.4 M M M H M VH VH M VH H M H M M M M H H H H H H H 
                
 ISO 9001:2000(Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
10.1 M M H H M M M M M VL VL VL M H VL VL VL H M L L M M M VL VL VL M M M M M M M M M H H M 
10.2 M H M M M M M M H L M M M H M M M M M L L VL VL L VL VL VL VL VL VL VL VL H H H H H H M 
10.4 M M H VH H M H M M VL VL VL H H L L L M M VL VL VL VL VL VL VL VL M M M M M L L L L M M M 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
10.1 L M H M H M                                  
10.2 L M H H H M                                  
10.4 L M H VH H M 
                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
10.1 M M M H H M M M VH H M M M VH M                         
10.2 M M M M H H M M H H H M VH M M                         
10.4 M VH H H H M M M VH M M M VH VH H 
                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
10.1 M M H M H M                                  
10.2 M H H H H M                                  
10.4 M M H VH H M 
                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
10.1 M M M H H M M M VH H M M M VH M                         
10.2 H M H H H M M M VH M M M VH VH H                         
10.4 H H M M H H M M H H H M VH M M                         
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Table 5.22: Compliance assessment for P8 
P8 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
                
8.1 L L L L M H M M M M M H M L M L M M H M M M M                 
8.2 L L L L H L VH M H H M M L L VH L L M H H M M M                 
8.3 L L L L M M H M H H M H M M M M H H H H H H H 
                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
8.1 M M M M M M H M M VL VL M M H VL VL VL M M M M M M M VL VL VL VL VL VL VL VL M M H H H H M 
8.2 M M H H H M VH M M VL VL M M H VL VL VL H M M M M M M VL VL VL VL M M M M M M VH M H H M 
8.3 M M H H M M H M M VL VL M M H L L L M M M M M M M VL VL VL VL M M M M L L H L M M M 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
8.1 M H H M H M                                  
8.2 M H H VH H M                                  
8.3 M H M H H M 
                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
8.1 H M M M H H M M H VH M M M H M                         
8.2 H M H M H H M M VH VH H M H M M                         
8.3 H M H H VH H M M H VH M M H H M 
                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
                                 
8.1 M M M M M M                                  
8.2 M H H VH H M                                  
8.3 M M M H M M 
                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
                        
8.1 H M M H H H M M H VH M VH M H L                         
8.2 H M M M H H M M VH VH H H H M L                         
8.3 H M M H VH H H M H VH VH M H VH H                         
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The next issue is to compute the information content values in accordance with the 
Step-9 (S9) described within the quantitative compliance assessment procedure. 
Relevance to the FAD principle, the judgements of the executives is represented as 
the system range while the IFR, as design range, is considered as a unique value in 
order to maximize the level of compliance. That is why it is necessary ∑I to compute 
information content values for five possible conditions. These are illustrated in 
Figure 5.3.  
 
Figure 5.3: Representation of different system range/IFR conditions. 
 
0.3 
µ 
1 
1 
0 
0.23 
VL 
0.5 
µ 
1 
1 
0 
0.40 
0.25 
L 
0.5 
µ 
1 
1 
0 
0.38 
0.3 0.7 
0.58 
M 
0.5 
µ 
1 
1 
0 
0.63 
0.7 
0.77 
H 
µ 
1 
1 
0 0.7 
VH 
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According to the intersections for different conditions, the range of the common area 
is changed. It leads to appearance of different information content values. 
Considering the geometrical representation of different conditions, the information 
content values are computed as follows: 
(i) TFNs of functional requirements, FRunique (0,1,1); TFNs of system range, VL 
(0,0,0.3) 
12.2
2
23.0*3.0
2
1*3.0
log 2 =












=VLI   
(ii) TFNs of functional requirements, FRunique (0,1,1); TFNs of system range: L, 
(0,0.25,0.5) 
32.1
2
4.0*5.0
2
1*5.0
log 2 =












=LI   
(iii) TFNs of functional requirements, FRunique (0,1,1); TFNs of system range: M, 
(0.3,0.5,0.7) 
44.0
2
375.0*)25.04.0(
2
)375.0583.0(*25.0
2
1*4.0
log2 =












+
+
−
=MI   
(iv) TFNs of functional requirements, FRunique (0,1,1); TFNs of system range: H, 
(0.5,0.7,1) 
13.0
2
63.0*)5.0185.0(
2
)63.077.0(*185.0
2
1*5.0
log 2 =












+
+
−
=HI   
(v) TFNs of functional requirements, FRunique (0,1,1); TFNs of system range: VH, 
(0.7,1,1) 
00.0
2
1*3.0
2
1*3.0
log 2 =












=VHI   
Table 5.23-5.30 gives the computed information content values for each process. 
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Table 5.23: Information content values for P1 
P1 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I              
 
 
6.2* 1.32 0.44 0.44 0.44 0.13 0.44 0.13 0.44 0.13 0 0.13 0.13 1.32 0.44 1.32 2.12 2.12 2.12 0.44 0.44 2.12 1.32 1.32 19.3                
6.4  2.12 2.12 2.12 1.32 0.13 0.44 0.13 0.13 0.44 0 2.12 0 2.12 1.32 2.12 2.12 2.12 2.12 1.32 2.12 2.12 2.12 2.12 32.8                
6.7 2.12 2.12 2.12 2.12 0.44 0.44 0 1.32 0.13 0.13 2.12 0.13 2.12 2.12 2.12 2.12 2.12 2.12 0.44 0.44 2.12 2.12 2.12 33.2                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
6.2 2.12 0.44 0.44 0.44 0.44 0.13 0.44 1.32 1.32 1.32 0.44 0.44 0.13 0 1.32 1.32 0.44 0.44 1.32 1.32 1.32 1.32 1.32 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 1.32 1.32 1.32 1.32 0.13 1.32 1.32 45.9 
6.4*  2.12 0.44 0.13 0.13 0.44 0.13 0.44 0.44 0.44 0.44 0.13 0.13 0.13 0 1.32 1.32 0.13 0.44 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 0.44 2.12 2.12 45.2 
6.7 2.12 0.44 0.13 0 0.13 0.13 0.44 0.44 0 1.32 0.44 0.44 0.13 0 1.32 1.32 1.32 0.44 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 1.32 1.32 1.32 1.32 0.13 1.32 1.32 48.3 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
6.2 1.32 0.44 0.44 0 1.32 1.32 4.84                                 
6.4*  1.32 0.13 0.44 0 0.13 1.32 3.34                                 
6.7 1.32 0.13 0.44 0 1.32 0.44 3.65                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
6.2 0.44 0.44 1.32 0.44 0 0.44 1.32 0.44 0.44 0.13 1.32 0.44 0.44 0.13 0.44 8.18                       
6.4  0.13 0.13 1.32 0.44 0.13 1.32 1.32 0.13 0.44 0.13 1.32 0.44 0.44 1.32 0.44 9.45                       
6.7* 0.44 0.44 1.32 0.44 0 0.13 1.32 0.13 0.44 0.13 1.32 0.44 0.44 0.44 0.44 7.87                       
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
6.2* 0.44 0.44 0.44 0 0.44 0.44 2.2                                
6.4  0.44 0.44 0.44 0 0.13 1.32 2.77                                
6.7 0.44 0.44 0.44 0.13 0.44 0.44 2.33                                
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
6.2 0.44 0.44 0.13 0.13 0 0.44 0.44 0.13 0 0.44 0.13 0.44 1.32 0.13 0.13 4.74                       
6.4*  0.44 0 0.13 0.13 0 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.13 4.48                       
6.7 0.13 0.13 0.13 0.13 0 0 0.44 0.44 0.13 0.13 1.32 0.44 0.13 1.32 0.44 5.31                       
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Table 5.24: Information content values for P2 
P2 ISO 9001:2000 (First Level) 
ISM  
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I             
 
  
6.3 1.32 0.44 0.13 0.13 0.44 0.13 0.13 0.44 0.44 0 0.44 0 1.32 1.32 0.13 2.12 2.12 2.12 1.32 2.12 2.12 2.12 2.12 23                
6.4*  1.32 1.32 1.32 1.32 0.13 0.44 0.13 0.13 0.44 0 2.12 0 0.13 0.44 0.44 0.44 0.13 0.44 1.32 1.32 1.32 1.32 1.32 17.3                
6.5 2.12 0.44 2.12 2.12 0.13 0.13 0.13 1.32 0.13 0.13 2.12 0.13 2.12 2.12 1.32 1.32 2.12 2.12 0.44 0.44 1.32 2.12 2.12 28.6                
 ISO 9001:2000 (Second  Level) 
ISM  
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
6.3* 1.32 0.13 0.13 0.44 0.13 0.44 0.13 0.13 0.44 1.32 0.44 0.44 0.13 0 1.32 1.32 1.32 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 1.32 1.32 1.32 1.32 0.44 0.44 0.44 42.2 
6.4* 1.32 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 1.32 0.44 0.44 0.13 0 1.32 1.32 1.32 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 1.32 1.32 1.32 1.32 0.13 0.13 0.13 42.2 
6.5 1.32 0.44 0.13 0.13 0.13 0.44 0.13 0.44 0.44 1.32 0.44 0.44 0.13 0 1.32 1.32 1.32 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 1.32 1.32 1.32 1.32 0.44 0.44 0.44 42.5 
 ISO 14001:2004 (First Level) 
ISM  
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
6.3 0.44 0.44 0.44 0 1.32 0.44 3.08                                 
6.4  0.44 0.44 0.44 0 0.44 0.44 2.2                                 
6.5* 0.44 0.44 0.13 0 0.44 0.44 1.89                                 
 ISO 14001:2004 (Second Level) 
ISM  
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
6.3 0.44 0.44 0.13 0.13 0 0.44 0.13 0.13 0 0.44 0.13 0.44 1.32 0.13 0.13 4.43                       
6.4  0.44 0 0.13 0.13 0 0.44 0.44 0.44 0.13 0.44 0.13 0.44 0.44 0.44 0.44 4.48                       
6.5* 0.44 0.13 0.13 0.13 0.13 0 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0.44 0.44 3.99                       
 OHSAS 18001:2007 (First Level) 
ISM  
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
6.3 0.44 1.32 0.44 0 1.32 0.44 3.96                                
6.4  0.44 0.13 0.44 0 0.44 0.44 1.89                                
6.5* 0.44 0.44 0 0 0.44 0.44 1.76                                
 OHSAS 18001:2007 (Second Level) 
ISM 
 Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
6.3* 0.13 0.44 0.13 0.44 0 0.44 0.44 0.13 0 0.44 0.13 0.44 1.32 0.13 0.13 4.74                       
6.4  0.44 0 0.44 0.13 0 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.13 4.79                       
6.5 0.13 0.13 0.13 0.13 0 0 0.44 0.44 0.13 0.13 1.32 0.44 0.13 1.32 0.44 5.31                       
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Table 5.25: Information content values for P3 
P3 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I          
 
     
7* 0.13 0.44 0.44 0.13 0.13 0.44 2.12 2.12 0.13 1.32 0.13 0.13 0.13 0.13 0.13 0 0 0.13 0.44 0.44 0.13 0.44 1.32 11                
 ISO 9001:2000 (Second  Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
7* 0.44 0.13 0.44 0.13 0.13 0.44 1.32 1.32 1.32 1.32 1.32 1.32 0.44 0.44 0.13 0.13 0.13 0.13 0.44 0.44 0.13 0.13 0.13 0.13 0 0 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.32 1.32 1.32 20.5 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
7* 0.44 0.44 0.13 0 1.32 0.44 2.77                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
7* 0.13 0.13 0.13 0.13 1.32 0.13 0.13 0.13 0.13 0.44 0.13 0.13 0.44 0.13 0.44 4.07                        
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
7* 0.44 1.32 0.13 0 1.32 0.44 3.65                                 
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
7 0.44 0.44 0.44 0.44 1.32 0.13 0.13 0.13 0.13 0.44 0 0.13 0.44 0.13 0.44 5.18                        
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Table 5.26: Information content values for P4 
P4 ISO 9001:2000 (First Level) 
ISM  
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I          
 
     
7* 0.13 0.44 0.44 0.13 0 0.44 2.12 2.12 0.44 1.32 0.44 0.44 0.13 0.13 0.13 0 0 0.13 0.44 0.44 0.13 0.44 0.13 10.6                
 ISO 9001:2000 (Second Level) 
ISM  
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
7* 0.44 0.13 0.44 0.13 0.13 0.44 0.44 0.44 1.32 0.44 1.32 1.32 0.44 0.44 0.44 0.44 0.44 0.13 0.44 0.44 0.13 0.13 0.13 0.13 0 0 0 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.32 1.32 1.32 18.6 
 ISO 14001:2004 (First Level) 
ISM  
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
7* 0.44 0.13 0.44 0 0.44 1.32 2.77                                 
 ISO 14001:2004 (Second Level) 
ISM  
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
7* 0.13 0.13 0.13 0.13 1.32 0.13 0.13 0.13 0 0.44 0 0.13 0.44 0.13 0.44 3.81                        
 OHSAS 18001:2007 (First Level) 
ISM  
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
7* 0.44 0.13 0.44 0 0.44 1.32 2.77                                 
 OHSAS 18001:2007 (Second Level) 
ISM  
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
7* 0.13 0.13 0.13 0.13 1.32 0.44 0.44 0.44 0.13 0.44 0 0.13 0.44 0.13 1.32 5.75                        
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Table 5.27: Information content values for P5 
P5 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I          
 
     
10.1 0.44 0.44 0.44 1.32 0.44 0.13 0.13 0.44 0.13 0.13 0.44 0 1.32 1.32 0.44 0.44 0.13 0.13 0 0.13 0.13 0.13 0.13 8.78                
10.2* 0.44 0.13 0.13 0.13 0.44 0.13 0.13 0.44 0.13 0.13 0.44 0 0.44 0.44 0.44 0.44 0.13 0.13 0 0 0 0.13 0.13 4.95                
10.3 1.32 1.32 1.32 1.32 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.13 0.44 1.32 0.44 0.44 0.13 0.13 0.13 0.13 0.13 0.13 0.13 11.4                
 ISO 9001:2000 (Second Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
10.1 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 2.12 2.12 2.12 0.44 0 2.12 2.12 2.12 0.13 0.44 1.32 1.32 0.44 0.44 0.44 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.13 0.13 31.7 
10.2* 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.13 1.32 0.44 0.44 0.44 0 0.44 0.44 0.44 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 1.32 1.32 1.32 1.32 1.32 1.32 1.32 0.13 0.13 0 0.13 0.13 0.13 0 28.4 
10.3 0.44 0.44 0.13 0 0.13 0.44 0.13 0.44 0.44 2.12 2.12 2.12 0.13 0 1.32 1.32 1.32 0.44 0.44 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 1.32 1.32 1.32 1.32 0.44 0.44 0.44 39.7 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
10.1 0.44 0.44 0.13 0 0.13 0.44 1.58                                 
10.2* 0.44 0 0.13 0.13 0 0.44 1.14                                 
10.3 0.44 0.44 0.13 0.13 0.13 0.44 1.71                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
10.1* 0.13 0 0.44 0.44 0.13 0.44 0.44 0.44 0 0.13 0.44 0 0.44 0.44 0.44 4.35                       
10.2 0.44 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0.13 0.13 0.44 0 0.44 0.44 4.61                       
10.3 0.44 0 0.13 0.13 0.13 0.44 0.44 0.44 0.13 0.44 0.44 1.32 0 1.32 1.32 7.12                       
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
10.1 0.44 0.44 0.13 0.13 0.13 0.44 1.71                                
10.2* 0.44 0.13 0.13 0.13 0 0.44 1.27                                
10.3 0.44 0.44 0.13 0.13 0.13 0.44 1.71                                
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
10.1 0.44 0.13 0.44 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.32 6.86                       
10.2* 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0 0 0.44 4.79                       
10.3 0.13 0.44 0.13 0.13 0.13 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.44 1.32 1.32 6.5                       
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Table 5.28: Information content values for P6 
P6 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I           
 
    
9.1* 1.32 1.32 1.32 1.32 0.44 0.13 0.13 1.32 0.44 0.44 0.44 0 0.44 0.44 0.13 1.32 1.32 1.32 1.32 1.32 0.13 0.44 0.44 17.2                
9.2 1.32 0.44 1.32 1.32 0.44 0.13 0.13 1.32 0.44 0.44 0.44 0 1.32 1.32 0.13 2.12 2.12 1.32 1.32 1.32 0.13 0.13 0 19                
 ISO 9001:2000 (Second Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
9.1* 1.32 1.32 0.13 0.13 0.44 0.44 0.13 0.44 0 2.12 2.12 2.12 0.44 0.44 2.12 2.12 2.12 0.44 0.13 0.13 0.13 0.13 0.13 0.13 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.13 0 29.8 
9.2 1.32 0.44 0.44 1.32 1.32 1.32 0.44 0.44 0.13 1.32 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 1.32 1.32 1.32 1.32 1.32 1.32 1.32 0.13 0.13 0 0.13 0.13 0.44 0 33 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
9.1* 1.32 0.44 0.13 0.13 0 0.44 2.46                                 
9.2 1.32 0.44 0.44 0.13 0 0.44 2.77                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
9.1* 0.44 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0 0.44 0.44 5.23                       
9.2 0.44 0.44 1.32 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.13 1.32 0 0.44 0.44 7.3                       
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
9.1* 0.44 0.13 0.13 0.13 0 1.32 2.15                                
9.2 0.44 0.44 0.13 0.13 0.13 1.32 2.59                                
 OHSAS18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
9.1 1.32 0.44 1.32 0.44 0.13 0.13 0.44 0.44 0.13 0.44 0.13 1.32 0 0.44 0.44 7.56                       
9.2* 1.32 1.32 0.44 0.44 0.13 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0 0.44 0.44 7.3                       
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Table 5.29: Information content values for P7 
P7 ISO 9001:2000 (First Level) 
ISM Code 
4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I               
 
10.1 0.44 1.32 1.32 1.32 0.44 0.44 0.13 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.44 0.13 0.44 0.44 0.13 0.13 10.6                
10.2 1.32 1.32 1.32 1.32 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.13 0.13 0.13 0.13 11.5                
10.4* 0.44 0.44 0.44 0.13 0.44 0 0 0.44 0 0.13 0.44 0.13 0.44 0.44 0.44 0.44 0.13 0.13 0.13 0.13 0.13 0.13 0.13 5.7                
 ISO 9001:2000 (Second Level) 
ISM Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
10.1* 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 2.12 2.12 2.12 0.44 0.13 2.12 2.12 2.12 0.13 0.44 1.32 1.32 0.44 0.44 0.44 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.13 0.44 32.2 
10.2 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 0.13 1.32 0.44 0.44 0.44 0.13 0.44 0.44 0.44 0.44 0.44 1.32 1.32 2.12 2.12 1.32 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 0.13 0.13 0.13 0.13 0.13 0.13 0.44 34.7 
10.4 0.44 0.44 0.13 0 0.13 0.44 0.13 0.44 0.44 2.12 2.12 2.12 0.13 0.13 1.32 1.32 1.32 0.44 0.44 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 1.32 1.32 1.32 1.32 0.44 0.44 0.44 39.8 
 ISO 14001:2004 (First Level) 
ISM Code 
4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
10.1 1.32 0.44 0.13 0.44 0.13 0.44 2.9                                 
10.2 1.32 0.44 0.13 0.13 0.13 0.44 2.59                                 
10.4* 1.32 0.44 0.13 0 0.13 0.44 2.46                                 
 ISO 14001:2004 (Second Level) 
ISM Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
10.1 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0 0.13 0.44 0.44 0.44 0 0.44 4.79                       
10.2 0.44 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0.13 0.13 0.44 0 0.44 0.44 4.61                       
10.4* 0.44 0 0.13 0.13 0.13 0.44 0.44 0.44 0 0.44 0.44 0.44 0 0 0.13 3.6                       
 OHSAS 18001:2007 (First Level) 
ISM Code 
4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
10.1 0.44 0.44 0.13 0.44 0.13 0.44 2.02                                
10.2* 0.44 0.13 0.13 0.13 0.13 0.44 1.4                                
10.4 0.44 0.44 0.13 0 0.13 0.44 1.58                                
 OHSAS 18001:2007 (Second Level) 
ISM Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
10.1 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0 0.13 0.44 0.44 0.44 0 0.44 4.79                       
10.2* 0.13 0.44 0.13 0.13 0.13 0.44 0.44 0.44 0 0.44 0.44 0.44 0 0 0.13 3.73                       
10.4 0.13 0.13 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0.13 0.13 0.44 0 0.44 0.44 3.99                       
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Table 5.30: Information content values for P8 
P8 ISO 9001:2000 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
5
.
1
 
5
.
2
 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
6
 
6
.
1
 
6
.
2
 
6
.
3
 
6
.
4
 
7
.
1
 
7
.
2
 
7
.
3
 
7
.
4
 
7
.
5
 
7
.
6
 
8
.
1
 
8
.
2
 
8
.
3
 
8
.
4
 
8
.
5
 
∑I         
 
      
8.1 1.32 1.32 1.32 1.32 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.13 0.44 1.32 0.44 1.32 0.44 0.44 0.13 0.44 0.44 0.44 0.44 14.5                
8.2 1.32 1.32 1.32 1.32 0.13 1.32 0 0.44 0.13 0.13 0.44 0.44 1.32 1.32 0 1.32 1.32 0.44 0.13 0.13 0.44 0.44 0.44 15.6                
8.3* 1.32 1.32 1.32 1.32 0.44 0.44 0.13 0.44 0.13 0.13 0.44 0.13 0.44 0.44 0.44 0.44 0.13 0.13 0.13 0.13 0.13 0.13 0.13 10.2                
 ISO 9001:2000 (Second Level) 
ISM 
Code 
4
.
2
.
1
 
4
.
2
.
2
 
4
.
2
.
3
 
4
.
2
.
4
 
5
.
4
.
1
 
5
.
4
.
2
 
5
.
5
.
1
 
5
.
5
.
2
 
5
.
5
.
3
 
5
.
6
.
1
 
5
.
6
.
2
 
5
.
6
.
3
 
6
.
2
.
1
 
6
.
2
.
2
 
7
.
2
.
1
 
7
.
2
.
2
 
7
.
2
.
3
 
7
.
3
.
1
 
7
.
3
.
2
 
7
.
3
.
3
 
7
.
3
.
4
 
7
.
3
.
5
 
7
.
3
.
6
 
7
.
3
.
7
 
7
.
4
.
1
 
7
.
4
.
2
 
7
.
4
.
3
 
7
.
5
.
1
 
7
.
5
.
2
 
7
.
5
.
3
 
7
.
5
.
4
 
7
.
5
.
5
 
8
.
2
.
1
 
8
.
2
.
2
 
8
.
2
.
3
 
8
.
2
.
4
 
8
.
5
.
1
 
8
.
5
.
2
 
8
.
5
.
3
 
∑I 
8.1 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.44 0.44 2.12 2.12 0.44 0.44 0.13 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 0.44 0.44 2.12 2.12 2.12 2.12 2.12 2.12 2.12 2.12 0.44 0.44 0.13 0.13 0.13 0.13 0.44 37.1 
8.2* 0.44 0.44 0.13 0.13 0.13 0.44 0 0.44 0.44 2.12 2.12 0.44 0.44 0.13 2.12 2.12 2.12 0.13 0.44 0.44 0.44 0.44 0.44 0.44 2.12 2.12 2.12 2.12 0.44 0.44 0.44 0.44 0.44 0.44 0 0.44 0.13 0.13 0.44 29.2 
8.3 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0.44 0.44 2.12 2.12 0.44 0.44 0.13 1.32 1.32 1.32 0.44 0.44 0.44 0.44 0.44 0.44 0.44 2.12 2.12 2.12 2.12 0.44 0.44 0.44 0.44 1.32 1.32 0.13 1.32 0.44 0.44 0.44 31 
 ISO 14001:2004 (First Level) 
ISM 
Code 4 .
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
8.1 0.44 0.13 0.13 0.44 0.13 0.44 1.71                                 
8.2* 0.44 0.13 0.13 0 0.13 0.44 1.27                                 
8.3 0.44 0.13 0.44 0.13 0.13 0.44 1.71                                 
 ISO 14001:2004 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
8.1 0.13 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.13 0 0.44 0.44 0.44 0.13 0.44 4.61                       
8.2 0.13 0.44 0.13 0.44 0.13 0.13 0.44 0.44 0 0 0.13 0.44 0.13 0.44 0.44 3.86                       
8.3* 0.13 0.44 0.13 0.13 0 0.13 0.44 0.44 0.13 0 0.44 0.44 0.13 0.13 0.44 3.55                       
 OHSAS 18001:2007 (First Level) 
ISM 
Code 4
.
1
 
4
.
2
 
4
.
3
 
4
.
4
 
4
.
5
 
4
.
6
 
∑I 
                                
8.1 0.44 0.44 0.44 0.44 0.44 0.44 2.64                                
8.2* 0.44 0.13 0.13 0 0.13 0.44 1.27                                
8.3 0.44 0.44 0.44 0.13 0.44 0.44 2.33                                
 OHSAS 18001:2007 (Second Level) 
ISM 
Code 
4
.
3
.
1
 
4
.
3
.
2
 
4
.
3
.
3
 
4
.
4
.
1
 
4
.
4
.
2
 
4
.
4
.
3
 
4
.
4
.
4
 
4
.
4
.
5
 
4
.
4
.
6
 
4
.
4
.
7
 
4
.
5
.
1
 
4
.
5
.
2
 
4
.
5
.
3
 
4
.
5
.
4
 
4
.
5
.
5
 
∑I 
                       
8.1 0.13 0.44 0.44 0.13 0.13 0.13 0.44 0.44 0.13 0 0.44 0 0.44 0.13 1.32 4.74                       
8.2 0.13 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0 0 0.13 0.13 0.13 0.44 1.32 4.74                       
8.3* 0.13 0.44 0.44 0.13 0 0.13 0.13 0.44 0.13 0 0 0.44 0.13 0 0.13 2.67                       
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Referring the information content values in Table 5.23-5.30, the process-based 
alignment of the standard requirements and ISM Code clauses are represented in 
Table 5.31.  
Table 5.31: Process-based alignment of the standard requirements/ISM Code clauses 
Managerial 
process   
Corresponding 
ISM Code 
clauses 
ISO 9001:2000 
requirements  
ISO 14001:2004 
requirements 
OHSAS 18001:2007 
requirements 
P1 
6.2 6.2 - 4.4 
6.4 6.2.2 4.4 4.3.2, 4.4.2  
6.7 - 4.4.2 - 
P2 
6.3 6.2.2 - 4.4.2, 4.4.6  
6.4 6.2, 6.2.2, 6.4 - - 
6.5 - 4.4, 4.4.3  4.3, 4.4  
P3 7 7.4, 7.4.1, 7.4.2, 7.5 4.4 4.4, 4.5.1  
P4 7 
5.3, 7.4, 7.4.1, 7.4.2, 
7.4.3, 7.5 4.4, 4.4.6, 4.5.1  4.4, 4.5.1  
P5 
10.1 - 4.3.2, 4.4.6, 4.5.2  - 
10.2 6.2.2, 6.4, 8.1, 8.2, 8.2.3, 8.3, 8.5.3 4.2, 4.5 4.5, 4.5.3, 4.5.4 
10.3 - - - 
P6 
9.1 5.5.3, 6.4, 8.5.3  4.5, 4.5.3  4.5 
9.2 - - 4.5.3 
P7 
10.1 - - - 
10.2 - - 4.4.6, 4.5.3, 4.5.4 
10.4 5.4, 5.5, 6.1 4.3.2, 4.4.6, 4.5.3  
P8 
8.1 - - - 
8.2 5.5.1, 8.2.3 4.4 4.4 
8.3 - 4.4.2, 4.4.7 4.4.2, 4.4.7, 4.5.1, 4.5.4 
5.7 Establishing of IPMM with Respect to R1 and R2  
Managing the process-based alignment of the ISM Code and standardizations 
requirements, it is the next issue to transform these results into useful knowledge in 
order to implement an IPMM with a high compliance. Illustrations of the Table 5.31 
with specified execution procedures are given in Figure 5.4 - 5.11. 
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Figure 5.4: IPMM for execution of P1  
  94
 
Figure 5.5: IPMM for execution of P2  
  95
 
Figure 5.6: IPMM for execution of P3  
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Figure 5.7: IPMM for execution of P4  
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Figure 5.8: IPMM for execution of P5  
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Figure 5.9: IPMM for execution of P6  
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Figure 5.10: IPMM for execution of P7  
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Figure 5.11: IPMM for execution of P8 
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A specified procedure for each process is completed respectively. However, it is 
another issue to combine each procedure under a single management/execution 
scheme. To do so, it is necessary to eliminate the repeating clauses/requirements to 
reduce implementation bureaucracy. Given the obtained R1 and R2, an enhanced 
management system is then established and implemented. The combined 
representation of the R1 and R2 is reproduced and it is originally given as 
regulation/standard compliance matrix in Table 5.32.  
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Table 5.32: Regulation/standard compliance matrix in respect to R1 and R2 
 
 ISO 9001:2000  ISO 14001:2004  OHSAS 18001:2007  
P
r
o
c
e
s
s
 
ISM 
Code 
5
.
3
 
5
.
4
 
5
.
5
 
5
.
5
.
1
 
5
.
5
.
3
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4
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1
 
4
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5
.
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4
.
5
.
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P1 
6.2                                         
6.4                                         
6.7                                         
P2 
6.3                                         
6.4                                         
6.5                                         
P5 
10.1                                         
10.2                                         
10.3                                         
P8 
8.1                                         
8.2                                         
8.3                                         
P4 7                                         
P7 
10.1                                         
10.2                                         
10.4                                         
P3 7                                         
P6 
9.1                                         
9.2                                         
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5.8 Process-model sets (R3) 
After managing the regulatory compliances, the EDMM of the RIDSS subsequently 
supports the individual or organizational decision-making on managerial processes. 
It considers and composes the managerial behaviour or perceptions about different 
processes under multiple criteria decision-making environment. Hence, the EDMM 
necessitates a suitable MCDM method to make comprehensive solutions on each 
process. In doing so, the FAD-MSI assigns the most suitable MCDM method stated 
within MBMS of the RIDSS. To obtain suitable process-model sets in this case, eight 
different MCDM methods are respectively assessed by an expert group, which 
includes researchers/practitioners from the field of operation research and 
management science. Considering the characteristics of each managerial process, the 
commonly recognized judgements by expert group in a group consensus are given in 
Table 5.33-5.40.  
Table 5.33: FAD-MSI application for P1 
P1  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  H M M L M M H VH M M L 
AHP Rating VH M VL VL VL L M H M M L 
SMART H L L VL L VL L L L M L 
TOPSIS M VH VH H H H VH M M H M 
PROMETHEE I L M H M M M H M H H H 
PROMETHEE II VL H M M M M H L H H VH 
ELECTRE I M M M M M M H L H H VH 
ELECTRE II L M M M M M H L H M H 
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Table 5.34: FAD-MSI application for P2 
P2  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  VH VH M H H H VH M M L L 
AHP Rating VH M VL L VL H L M M L L 
SMART M L L VL L M L L L L M 
TOPSIS L VH H H M H M M M M M 
PROMETHEE I L L M M H M M L M M M 
PROMETHEE II VL M M M H M M L H H H 
ELECTRE I L L M M M M M L M M M 
ELECTRE II VL M M M M M M L H H H 
 
Table 5.35: FAD-MSI application for P3 
P3  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  M M M L M M M VH M M M 
AHP Rating H L VL L VL M L M M L L 
SMART H L VL L L L L L M L L 
TOPSIS M VH H M H M M M M M M 
PROMETHEE I M VH H H VH VH H VH M M H 
PROMETHEE II L VH H M H H M H H H VH 
ELECTRE I M VH M H M M M M M M H 
ELECTRE II L VH M M M M L M H H VH 
 
Table 5.36: FAD-MSI application for P4 
P4  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  M L M M M L M L M L L 
AHP Rating M L L L L VL L VL M L L 
SMART H H M H H H M M VL L VL 
TOPSIS L M H H M H M L M M M 
PROMETHEE I M M L M H M M L M H M 
PROMETHEE II L M M M H L L L H VH VH 
ELECTRE I M M L M L M M L M H H 
ELECTRE II L M M M L L L L VH VH VH 
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Table 5.37: FAD-MSI application for P5 
P5  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  M M M M M M M H M L L 
AHP Rating M M L L L M L M M L L 
SMART M L M M M L M L M L L 
TOPSIS L M H H M H M L M M M 
PROMETHEE I M M L M L M M L M H H 
PROMETHEE II L M M H L M L L M H H 
ELECTRE I M M H M H H M M M M M 
ELECTRE II M VH VH H VH H M H M M M 
 
Table 5.38: FAD-MSI application for P6 
P6  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  H H M H M H H H L M M 
AHP Rating VH VH M H M VH M M L L L 
SMART H H L L L H M L M M H 
TOPSIS M H H M L H H L H H H 
PROMETHEE I M M M M H M M L H H H 
PROMETHEE II L M M M H M M L H H VH 
ELECTRE I H L M L M M L L H H VH 
ELECTRE II VH L M L M M L L VH H VH 
 
Table 5.39: FAD-MSI application for P7 
P7  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  H L L L L M M L M M M 
AHP Rating H VL L VL VL L L L M M L 
SMART H VL L VL VL L L L M M L 
TOPSIS M M M M M M M L M H M 
PROMETHEE I M M M H H M M M M M M 
PROMETHEE II M VH H H H VH M M M H M 
ELECTRE I L L M M M M M M H M H 
ELECTRE II L M M M M M M M H H H 
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Table 5.40: FAD-MSI application for P8 
P8  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3 
AHP  M L M M L L M L M M L 
AHP Rating M VL L M L L L VL L L L 
SMART L VL L L L L L VL L L L 
TOPSIS M M H H M M M L M M L 
PROMETHEE I M L H VH H VH VH L M M M 
PROMETHEE II H M H VH H H H L VH VH VH 
ELECTRE I H H H VH H VH VH L M M M 
ELECTRE II M M H VH H H H L VH VH VH 
 
The information content values are then computed based on FAD algorithm. Table 
5.41 overviews the computed information content values for ten different situations. 
 
Table 5.41: Information content values for ten different situations 
 
Information contents in respect to judgements on alternatives 
IFR VL (0, 0, 0.3) 
L 
(0, 0.25, 0.5) 
M 
(0.3, 0.5, 0.7) 
H 
(0.5, 0.7, 1) 
VH 
(0.7,1,1) 
IFRBenefit: (0, 1, 1) 2.12 1.32 0.44 0.13 0 
IFRCost: (0, 0, 1) 0 0,10 0.44 1.26 2.12 
 
Following the similar procedure, the information content values given in Table 5.42-
4.49 are computed.  
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Table 5.42: Information content values for P1 
P1  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.13 0.44 0.44 1.32 0.44 0.44 0.13 0 0.44 0.44 0.10 4.32 
AHP Rating 0 0.44 2.12 2.12 2.12 1.32 0.44 0.13 0.44 0.44 0.10 9.67 
SMART 0.13 1.32 1.32 2.12 1.32 2.12 1.32 1.32 0.10 0.44 0.10 11.61 
TOPSIS* 0.44 0 0 0.13 0.13 0.13 0 0.44 0.44 1.26 0.44 3.41 
PROMETHEE I 1.32 0.44 0.13 0.44 0.44 0.44 0.13 0.44 1.26 1.26 1.26 7.56 
PROMETHEE II 2.12 0.13 0.44 0.44 0.44 0.44 0.13 1.32 1.26 1.26 2.12 10.1 
ELECTRE I 0.44 0.44 0.44 0.44 0.44 0.44 0.13 1.32 1.26 1.26 2.12 8.73 
ELECTRE II 1.32 0.44 0.44 0.44 0.44 0.44 0.13 1.32 1.26 0.44 1.26 7.93 
 
Table 5.43: Information content values for P2 
P2  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP* 0 0 0.44 0.13 0.13 0.13 0 0.44 0.44 0.10 0.10 1.91 
AHP Rating 0 0.44 2.12 1.32 2.12 0.13 1.32 0.44 0.44 0.10 0.10 8.53 
SMART 0.44 1.32 1.32 2.12 1.32 0.44 1.32 1.32 0.10 0.10 0.44 10.24 
TOPSIS 1.32 0 0.13 0.13 0.44 0.13 0.44 0.44 0.44 0.44 0.44 4.35 
PROMETHEE I 1.32 1.32 0.44 0.44 0.13 0.44 0.44 1.32 0.44 0.44 0.44 7.17 
PROMETHEE II 2.12 0.44 0.44 0.44 0.13 0.44 0.44 1.32 1.26 1.26 1.26 9.55 
ELECTRE I 1.32 1.32 0.44 0.44 0.44 0.44 0.44 1.32 0.44 0.44 0.44 7.48 
ELECTRE II 2.12 0.44 0.44 0.44 0.44 0.44 0.44 1.32 1.26 1.26 1.26 9.86 
 
Table 5.44: Information content values for P3 
P3  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.44 0.44 0.44 1.32 0.44 0.44 0.44 0 0.44 0.44 0.44 5.28 
AHP Rating 0.13 1.32 2.12 1.32 2.12 0.44 1.32 0.44 0.44 0.10 0.10 9.85 
SMART 0.13 1.32 2.12 1.32 1.32 1.32 1.32 1.32 0.44 0.10 0.10 10.81 
TOPSIS 0.44 0 0.13 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 3.78 
PROMETHEE I* 0.44 0 0.13 0.13 0 0 0.13 0 0.44 0.44 1.26 2.97 
PROMETHEE II 1.32 0 0.13 0.44 0.13 0.13 0.44 0.13 1.26 1.26 2.12 7.36 
ELECTRE I 0.44 0 0.44 0.13 0.44 0.44 0.44 0.44 0.44 0.44 1.26 4.91 
ELECTRE II 1.32 0 0.44 0.44 0.44 0.44 1.32 0.44 1.26 1.26 2.12 9.48 
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Table 5.45: Information content values for P4 
P4  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.44 1.32 0.44 0.44 0.44 1.32 0.44 1.32 0.44 0.10 0.10 6.8 
AHP Rating 0.44 1.32 1.32 1.32 1.32 2.12 1.32 2.12 0.44 0.10 0.10 11.92 
SMART* 0.13 0.13 0.44 0.13 0.13 0.13 0.44 0.44 0 0.10 0 2.07 
TOPSIS 1.32 0.44 0.13 0.13 0.44 0.13 0.44 1.32 0.44 0.44 0.44 5.67 
PROMETHEE I 0.44 0.44 1.32 0.44 0.13 0.44 0.44 1.32 0.44 1.26 0.44 7.11 
PROMETHEE II 1.32 0.44 0.44 0.44 0.13 1.32 1.32 1.32 1.26 2.12 2.12 12.23 
ELECTRE I 0.44 0.44 1.32 0.44 1.32 0.44 0.44 1.32 0.44 1.26 1.26 9.12 
ELECTRE II 1.32 0.44 0.44 0.44 1.32 1.32 1.32 1.32 2.12 2.12 2.12 14.28 
 
Table 5.46: Information content values for P5 
P5  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.13 0.44 0.10 0.10 3.85 
AHP Rating 0.44 0.44 1.32 1.32 1.32 0.44 1.32 0.44 0.44 0.10 0.10 7.68 
SMART 0.44 1.32 0.44 0.44 0.44 1.32 0.44 1.32 0.44 0.10 0.10 6.8 
TOPSIS 1.32 0.44 0.13 0.13 0.44 0.13 0.44 1.32 0.44 0.44 0.44 5.67 
PROMETHEE I 0.44 0.44 1.32 0.44 1.32 0.44 0.44 1.32 0.44 1.26 1.26 9.12 
PROMETHEE II 1.32 0.44 0.44 0.13 1.32 0.44 1.32 1.32 0.44 1.26 1.26 9.69 
ELECTRE I 0.44 0.44 0.13 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 3.91 
ELECTRE II* 0.44 0 0 0.13 0 0.13 0.44 0.13 0.44 0.44 0.44 2.59 
 
Table 5.47: Information content values for P6 
P6  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.13 0.13 0.44 0.13 0.44 0.13 0.13 0.13 0.10 0.44 0.44 2.64 
AHP Rating* 0 0 0.44 0.13 0.44 0 0.44 0.44 0.10 0.10 0.10 2.19 
SMART 0.13 0.13 1.32 1.32 1.32 0.13 0.44 1.32 0.44 0.44 1.26 8.25 
TOPSIS 0.44 0.13 0.13 0.44 1.32 0.13 0.13 1.32 1.26 1.26 1.26 7.82 
PROMETHEE I 0.44 0.44 0.44 0.44 0.13 0.44 0.44 1.32 1.26 1.26 1.26 7.87 
PROMETHEE II 1.32 0.44 0.44 0.44 0.13 0.44 0.44 1.32 1.26 1.26 2.12 9.61 
ELECTRE I 0.13 1.32 0.44 1.32 0.44 0.44 1.32 1.32 1.26 1.26 2.12 11.37 
ELECTRE II 0 1.32 0.44 1.32 0.44 0.44 1.32 1.32 2.12 1.26 2.12 12.1 
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Table 5.48: Information content values for P7 
P7  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.13 1.32 1.32 1.32 1.32 0.44 0.44 1.32 0.44 0.44 0.44 8.93 
AHP Rating 0.13 2.12 1.32 2.12 2.12 1.32 1.32 1.32 0.44 0.44 0.10 12.75 
SMART 0.13 2.12 1.32 2.12 2.12 1.32 1.32 1.32 0.44 0.44 0.10 12.75 
TOPSIS 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.32 0.44 1.26 0.44 6.54 
PROMETHEE I 0.44 0.44 0.44 0.13 0.13 0.44 0.44 0.44 0.44 0.44 0.44 4.22 
PROMETHEE II* 0.44 0 0.13 0.13 0.13 0 0.44 0.44 0.44 1.26 0.44 3.85 
ELECTRE I 1.32 1.32 0.44 0.44 0.44 0.44 0.44 0.44 1.26 0.44 1.26 8.24 
ELECTRE II 1.32 0.44 0.44 0.44 0.44 0.44 0.44 0.44 1.26 1.26 1.26 8.93 
 
Table 5.49: Information content values for P8 
P8  
 
I∑  
MCDM Methods 
Benefit attributes 
IFRBenefit: (0, 1, 1) 
Cost attributes 
IFRCost: (0, 0, 1) 
b1 b2 b3 b4 b5 b6 b7 b8 c1 c2 c3  
AHP  0.44 1.32 0.44 0.44 1.32 1.32 0.44 1.32 0.44 0.44 0.10 8.02 
AHP Rating 0.44 2.12 1.32 0.44 1.32 1.32 1.32 2.12 0.10 0.10 0.10 10.7 
SMART 1.32 2.12 1.32 1.32 1.32 1.32 1.32 2.12 0.10 0.10 0.10 12.46 
TOPSIS 0.44 0.44 0.13 0.13 0.44 0.44 0.44 1.32 0.44 0.44 0.10 4.76 
PROMETHEE I 0.44 1.32 0.13 0 0.13 0 0 1.32 0.44 0.44 0.44 4.66 
PROMETHEE II 0.13 0.44 0.13 0 0.13 0.13 0.13 1.32 2.12 2.12 2.12 8.77 
ELECTRE I * 0.13 0.13 0.13 0 0.13 0 0 1.32 0.44 0.44 0.44 3.16 
ELECTRE II 0.44 0.44 0.13 0 0.13 0.13 0.13 1.32 2.12 2.12 2.12 9.08 
According to the results, the FAD-MSI assigns the MCDM methods, which have the 
lowest information content values. Table 5.50 represents the overall results and the 
obtained process-model sets.  
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Table 5.50: Application results of FAD-MSI 
Managerial 
Processes   Assigned MCDM method    Process-model sets (R3)  
P1 TOPSIS P1 - TOPSIS 
P2 AHP P2 - AHP 
P3 PROMETHEE I P3 - PROMETHEE I  
P4 SMART P4 - SMART 
P5 ELECTRE II P5 - ELECTRE II 
P6 AHP Rating  P6 - AHP Rating 
P7 PROMETHEE II P7 - PROMETHEE II 
P8 ELECTREE I P8 - ELECTREE I 
 
5.8.1 Implementing of EDMM in Respect to R3  
In accordance with the process-model sets, it is determined to demonstrate the 
EDMM of the RIDSS with the P1 (shipboard personnel recruitment) based on 
TOPSIS approach. Specifically, EDMM provides an analytical solution for the 
problem of competence-based assignment to chief engineer position onboard ships. 
A chief engineer plans and coordinates in the operation, maintenance, and repair of 
mechanical and related equipment onboard ships. The traditional ship management 
companies mainly have the following expectations from the chief engineer position: 
(i) Having all valid documents about certification procedures, (ii) Good command of 
English in both writing and speaking, (iii) Having good skills of leadership, (iv) 
Having an adequate disciplinary to execute his job, (v) Having a good health with 
psychologically and physically, (vii) Having good commands of computers and 
software. The proposed personnel assignment system considers testing scores, 
interview results, and feedbacks belong to the operational problems taken place 
onboard ships. The assessment is performed on two distinct platforms: computer-
based testing system (CBTS) and human-based interview system (HBIS). The 
assignment of the relevant crew to a suitable ship is managed by means of 
considering the common operational problems (i.e. performance-related problems, 
personnel-related problems, failure-based problems). Table 5.51 represents the 
components of personnel assignment scheme, which includes categorization of ship 
fleet in respect to operational problems, attributes correspondence to CBTS and 
HBIS. 
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Table 5.51: Components of personnel assignment scheme 
Category  Operational problems     Correspondence to evaluation attributes  
  Computer-Based Testing System (CBTS) Unit Human-Based Interview System (HBIS) Unit 
I Performance-related problems CI-1. Safety management knowledge  
0
-
1
0
0
 
p
o
i
n
t
s
 
HI-1. Motivation 
1
-
5
 
s
c
a
l
e
 
  CI-2. Environmental management knowledge HI-2. Circumspection 
  CI-3. Maritime rules and regulations  HI-3. Professionals ethics 
  CI-4. Ship operational principles  HI-4. Self sacrifice 
  CI-5. Store/supplies management  HI-5. Precision and accuracy 
II Personnel-related problems CII-1. Management of organizational behaviour  HII-1. Socio-cultural awareness 
  CII-2. Communication skill  HII-2. Leadership  
  CII-3. Allocation of responsibilities HII-3. Discipline  
  CII-4. Seafarers’ training/familiarization requirements  HII-4. Authority   
  CII-5. Healthcare proficiency  HII-5. Honesty and integrity  
III Failure-based problems CIII-1. Maintenance management  HIII-1. Previous experiences  
  CIII-2. Troubleshooting ability  HIII-2. Resoluteness 
  CIII-3. Competency in emergency preparedness HIII-3. Endurance to sea (psychology) 
  CIII-4. System knowledge and reliability   HIII-4. Endurance to sea (physically) 
  CIII-5. Operational competency  HIII-5. Problem solving and quick response  
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Furthermore, the competence-based assignment procedures require incorporating a 
couple of objective data and linguistic judgements. Considering the attributes of 
different categories operational problems, Table 5.52 addressed the collected data for 
three distinct candidates for a C/E position onboard ship.   
Table 5.52: Data for a case study on competence-based assignment 
 Category I Category II Category III 
  C/E1 C/E2 C/E3  C/E1 C/E2 C/E3  C/E1 C/E2 C/E3 
CB
TS
 
CI-1. 70 80 90 CII-1. 70 40 30 CIII-1. 70 90 70 
CI-2. 60 50 80 CII-2. 90 60 20 CIII-2. 30 80 60 
CI-3. 70 60 90 CII-3. 90 50 60 CIII-3. 50 90 40 
CI-4. 50 50 50 CII-4. 70 50 50 CIII-4. 70 70 50 
CI-5. 90 40 70 CII-5. 50 90 60 CIII-5. 40 70 60 
H
B
IS
 
HI-1. 5 4 4 HII-1. 5 4 5 HIII-1. 4 5 2 
HI-2. 2 3 4 HII-2. 4 2 5 HIII-2. 2 3 4 
HI-3. 1 1 5 HII-3. 5 5 2 HIII-3. 1 5 5 
HI-4. 1 3 3 HII-4. 1 5 1 HIII-4. 1 4 1 
HI-5. 3 3 5 HII-5. 5 3 1 HIII-5. 2 3 5 
In accordance with the TOPSIS algorithm, the normalized decision matrix is 
computed. Table 5.53 gives the derived normalized decision matrix.   
Table 5.53: Normalized decision matrix 
Category I Category II Category III 
 C/E1 C/E2 C/E3  C/E1 C/E2 C/E3  C/E1 C/E2 C/E3 
CI-1. 0.503 0.574 0.646 CII-1. 0.814 0.465 0.349 CIII-1. 0.523 0.673 0.523 
CI-2. 0.537 0.447 0.716 CII-2. 0.818 0.545 0.182 CIII-2. 0.287 0.766 0.575 
CI-3. 0.543 0.466 0.699 CII-3. 0.755 0.420 0.504 CIII-3. 0.453 0.815 0.362 
CI-4. 0.577 0.577 0.577 CII-4. 0.704 0.503 0.503 CIII-4. 0.631 0.631 0.451 
CI-5. 0.745 0.331 0.579 CII-5. 0.420 0.755 0.504 CIII-5. 0.398 0.697 0.597 
HI-1. 0.662 0.530 0.530 HII-1. 0.615 0.492 0.615 HIII-1. 0.596 0.745 0.298 
HI-2. 0.371 0.557 0.743 HII-2. 0.596 0.298 0.745 HIII-2. 0.371 0.557 0.743 
HI-3. 0.192 0.192 0.962 HII-3. 0.680 0.680 0.272 HIII-3. 0.140 0.700 0.700 
HI-4. 0.229 0.688 0.688 HII-4. 0.192 0.962 0.192 HIII-4. 0.236 0.943 0.236 
HI-5. 0.457 0.457 0.762 HII-5. 0.845 0.507 0.169 HIII-5. 0.324 0.487 0.811 
Table 5.54 gives the PIS and NIS values derived from normalized decision matrix.   
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Table 5.54: PIS and NIS values 
Category I Category II Category III 
 PIS NIS  PIS NIS  PIS NIS 
CI-1. 0.646 0.503 CII-1. 0.814 0.349 CIII-1. 0.673 0.523 
CI-2. 0.716 0.447 CII-2. 0.818 0.182 CIII-2. 0.766 0.287 
CI-3. 0.699 0.466 CII-3. 0.755 0.420 CIII-3. 0.815 0.362 
CI-4. 0.577 0.577 CII-4. 0.704 0.503 CIII-4. 0.631 0.451 
CI-5. 0.745 0.331 CII-5. 0.755 0.420 CIII-5. 0.697 0.398 
HI-1. 0.662 0.530 HII-1. 0.615 0.492 HIII-1. 0.745 0.298 
HI-2. 0.743 0.371 HII-2. 0.745 0.298 HIII-2. 0.743 0.371 
HI-3. 0.962 0.192 HII-3. 0.680 0.272 HIII-3. 0.700 0.140 
HI-4. 0.688 0.229 HII-4. 0.962 0.192 HIII-4. 0.943 0.236 
HI-5. 0.762 0.457 HII-5. 0.845 0.169 HIII-5. 0.811 0.324 
The distance values to PIS and NIS are then computed and represented in Table 5.55 
via TOPSIS algorithm.  
Table 5.55: Distance values to PIS and NIS 
Category I Category II Category III 
 C/E1 C/E2 C/E3 C/E1 C/E2 C/E3 C/E1 C/E2 C/E3 
Si * 1.054 1.020 0.212 0.853 0.824 1.416 1.297 0.374 1.003 
Si -- 0.450 0.500 1.115 1.226 1.064 0.479 0.360 1.286 0.900 
Finally, the relative closeness is computed and the C/E candidates are assigned to the 
suitable ships in different categories of operational problems. According to the 
results shown in Table 5.56, (i) C/E3 assigned to Category I, (ii) C/E1 assigned to 
Category II, (iii) C/E2 assigned to Category III.  
Table 5.56: Relative closeness and assignment of C/E candidates 
Category I Category II Category III 
 C/E1 C/E2 C/E3 C/E1 C/E2 C/E3 C/E1 C/E2 C/E3 
Ci  0.299 0.329 0.840 0.590 0.564 0.253 0.217 0.775 0.473 
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5.9 Risk control options for process execution (R4) 
While the IPMM and EDMM of the RIDSS provide a decision aid in normal 
situations, the RCMM considers probable unexpected circumstances and conflicts in 
managerial process execution. To ensure compliance with the other module 
components of the RIDSS, the concept of the RCMM involves the previously 
designated elements (ISM Code clauses and standard requirements) within IPMM. 
Considering the regulatory compliance for each process appreciated via IPMM 
implementation, the RCMM initially defines the probable hazards/threads as failure 
state, which might be leading to shortfalls in execution of P1. In doing so, the 
probable incompliance with the previously defined ISM Code clauses is recognized 
as failure states of RCMM. Then, the fault tree representation of the risk items 
associated with the P1 execution is given in Figure 5.12.       
 
Figure 5.12: Fault tree representation of the risk items associated with the P1 
To define risk control options, it is vital to find MCs of the constructed FTA. 
According to the FTA principles, the MCs for this case are found as follows:  
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The FTA of the P1 has produced six sets of MCs. According to results, the TE will 
directly occur if the incompliance of ISO 9001:2000 - 6.2, OHSAS 18001:2007 - 4.4, 
ISO 9001:2000 - 6.2.2, ISO 14001:2004 - 4.4, ISO 14001:2004 - 4.4.2 happens 
respectively. On the other hand, the occurrence of the TE is related to the 
incompliance problem of OHSAS 18001:2007: 4.3.2 and OHSAS 18001:2007 - 4.4.2 
simultaneously. Even if the quantitative data about occurrence probability of basic 
events is missing, the importance of the obtained MCs can be decided in respect to 
the company policy and priorities. It can be claim that the risk control options can be 
appreciated for MC1, MC2, MC3, MC4, and MC5 since they have more contributions 
to the occurrence of the TE than MC6. Consequently, the RCMM of the RIDSS 
offers to paid more attention to reducing the occurrence probability of MC1, MC2, 
MC3, MC4, and MC5 rather than MC6 in prevention of TE.  
5.10 Extended Discussions on Prototype Application Findings   
In this section, the prototype application of the RIDSS has successfully achieved. In 
accordance with the designated RIDSS application strategy, the following issues are 
completed: (i) Implementing of the IPMM to overall processes (P1-P8), (ii) 
Performing of the EDMM for providing an analytical solution to competency-based 
personnel assignment (P1) on the case of C/E embarkation problem, (iii) Practicing of 
the RCMM on regulatory framework of the P1 execution. Furthermore, it is the final 
task of the RIDSS application to debate on the utility of the derived results.   
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First, the solution of the establishing network among the managerial processes given 
in DBMS2 based on ANP provides execution priority ranks for each process. Use of 
such approach, it is managed to identify the dependencies among the managerial 
processes. Considering the priority values, it is determined to processing the 
remaining steps of the RIDSS in accordance with the following order: P1 (0.26), P2 
(0.25), P5 (0.14), P8 (0.13), P4 (0.08), P7 (0.07), P3 (0.05), and P6 (0.02). The 
straightforward contribution of the ranking of managerial process is seemed 
especially to assist managing compliance among different regulation regimes. The 
compliance of in respect to the nature of managerial processes is accomplished via 
FAD algorithm, which systematically uses the formal structure of the ISM Code 
clauses and voluntary standard requirements located in DBMS1. The FAD algorithm 
is so beneficial to clearly identify the process-based alignment of ISM Code, QMS, 
EMS, and OHSMS requirements; however, it requires high level of computational 
effort. Using initial reference points, notably R1 and R2, the regulation/standard 
compliance matrix is originally structured. The aim of this matrix is to aid relevant 
executives in design/verification/implementation of the IPMM. It enables eliminating 
of repeating clauses/requirements to redesign an extended management procedure on 
a unique execution scheme. The shipping companies can share this kind of integrated 
process execution scheme with the members of the shore-based organization even 
with the shipboard personnel. It potentially supports the communication gap between 
ship fleet and shore-based management organization. Besides the rule-based 
procedures, the execution activities also require adopting an effective decision-
making instrument to aid the relevant managers. To satisfy this necessity, the FAD-
MSI algorithm is then applied and the following process-models sets are found: P1 – 
TOPSIS, P2 – AHP, P3 - PROMETHEE I, P4 – SMART, P5 - ELECTRE II, P6 - AHP 
Rating, P7 - PROMETHEE II, P8 - ELECTREE I. The idea behind the FAD-MSI 
interface is to enhance decision-making ability of the relevant managers via EDMM 
of the RIDSS. To demonstrate the EDMM, a case study on the competence-based 
assignment to C/E positions at ships in different category is successfully completed 
based on the TOPSIS algorithm that is found as suitable MCDM method by FAD-
MSI to solve P1. Finally, the RCMM of the RIDSS offers a number of risk control 
options for important MCs (MC1, MC2, MC3, MC4, MC5) associated with the 
probable incompliance in the execution of P1 by referring the obtained MCs (MC1 - 
MC5) via FTA.  
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6.  CONCLUSION AND RECOMMENDATIONS  
6.1 Conclusive Remarks   
Self-regulation is relatively a new trend for shipping business initiatives in maritime 
transportation industry. Extensively, the self-regulation dominates the industry and it 
mainly enforces the maritime stakeholders’ involvement in enhancement of the 
safety/environmental aspects for shipping business. The consequent effects of the 
self-regulation spontaneously trigger to be arisen of the following issues:  
(i) Effective solutions to operational problems,  
(ii) Training and competence,  
(iii) Workplace conditions,  
(iv) Management and organizations,  
(v) Risk-based planning and design.   
The relevant managers who have key responsibilities on solution of these dilemmas 
seek for an advanced management system instead of preferring traditional execution 
styles of shipping business. Because, the nature of shipping business requires 
organizing several issues especially in administrative, commercial, and operational 
level simultaneously. In addition, it is one of the commonly recognized arguments 
that competitiveness requirements in the maritime transportation market are the 
driving force behind this phenomenon. Hence, execution activities in shipping 
business require uniting core competencies and organizational infrastructure. Among 
such kind of tendencies, implementation of IMS is one of the most effective and 
concrete instruments of managing the self-regulation phenomenon in order to 
respond to increasing demands from maritime society. This results with arise of two 
key aspects of an IMS practice in shipping business: system design and 
implementation. In early design stage of an IMS, the compliance of different 
regulation regimes is a major consideration while the integration of the redesigned 
procedures belongs to managerial processes is subsequent matter of implementation.  
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The main principle of establishing an IMS in shipping business is to combine 
internationally recognized standards with the mandatory maritime regulations that 
are mainly concern with ship safety and the prevention of pollution from ships. On 
the other hand, the redesigned procedures should comply with the organizational 
priorities of the shipping company. Hence, the endeavours of responsible managers 
in shipping business are extremely valuable to increase the potential benefits from 
IMS implementations. In other words, effective execution of the shipping operations 
requires well-qualified managers in shore-based positions, which should be 
structured and supported with innovative management tools. To do so, the managers 
certainly necessitate to have an ability to establish and utilize advanced methods or 
tools in a professional manner.  
This research proposed the adaptation of the RIDSS to professional shipping 
companies in order to fulfil this gap. The RIDSS has a multi-methodological 
background, which can successfully satisfy the overall needs of the relevant shipping 
executives via following three different modules: IPMM, EDMM, and RCMM. The 
RIDSS has a straightforward methodological concept capable of providing the 
overall requirements in order to achieve an adaptation of an IMS into shipping 
companies. In addition to decision aid towards redesigning of process execution 
procedures through IMS requirements, the RIDSS has also potential to enabling an 
effective decision-making on managerial processes even considering the various 
risks of maritime transportation. During a prototype application, the following six 
potential strengths of the RIDSS have appeared:  
(i) The assigned execution priority ranks enable to systematically target each process 
in a good order.   
(ii) A high level of integrity between RIDSS components is available.  
(iii) Fast decision-making opportunity, consistent choices, and quick response to 
each managerial process are provided.    
(iv) It has an opportunity for relevant managers to ensure involvement into the 
process execution in a group consensus.     
(v) It has a flexibility to allow updates/revisions of standards/regulation in DBMS1 
also to extend the managerial process concept and methodological support by 
modifying the DBMS2 and MBMS respectively. 
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(vi) The outcomes from IPMM, EDMM, and RCMM ensure the ultimate goal of 
continuous and sustainable improvement in shipping business, which is one of the 
focal targets of international maritime community.  
6.2 Contributions to Academic Literature  
Given the methodological background of the RIDSS, the research has serious 
contributions to academic literature in certain points. A brief list of the expected 
contributions is given as follows: 
(i) To support the existing studies on model selection paradigm in decision science, 
the proposed FAD-MSI algorithms can be used. It attempts to assign the most 
adequate method in accordance with the nature of the focused problem. As a result, 
the method that has potential to solve the problem with a minimum effort is 
determined.  
(ii) Despite its significance, the methodological approach to compliance and 
integration problems in IMS design/implementation is so rare in literature. This 
research originally develops a quantitative compliance assessment procedure based 
on FAD algorithm that enables process-based alignment of the mandatory clauses 
and standard requirements.  
(iii) As relatively a new method in decision science, the existing decision-making 
applications of the FAD are extended to shipping business environment.  
(iv) The probable incompliance to standardization requirements is directly 
represented by a traditional FTA approach. At this insight, the requirements of the 
voluntary standards are designated as the basic elements of the established fault tree 
while the ISM Code clauses are placed as different failure states.  
(v) During the research, a wide range of literature review along with the managerial 
processes in shipping business is completed. It potentially provides a valuable source 
to the researchers/practitioners in maritime field.   
(vi) Utilization of the combined outcomes derived from ANP and FAD highlights the 
potential use of ANP-FAD as a relatively new hybrid decision-making method.      
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6.3 Contributions to Shipping Industry   
Maritime transportation industry includes unexpected risks, serious challenges, and 
dynamic conditions that have enforced the maritime organizations. In addition, the 
market also requires achieving a high level of competitiveness. Furthermore, the 
maritime business execution should also comply with the international maritime 
conventions, rules, and regulations to ensure sustainable trading activities. All these 
constraints and expectations potentially increase the organizational interactions and 
communication networks, which are leading to create a complex business 
environment. In this cycle, the need for a systematic managerial tool, capable of 
transforming data/feedbacks into useful information, is obviously apparent. 
Nowadays, IMS frameworks, designed and offered by principal classification 
societies, have been offered as an ultimate solution to this issue. In parallel with the 
increasing trends of IMS, the efforts towards effective implementations have become 
widespread. At this point, the key roles especially for three stakeholders such as 
shipping companies, classification societies, and maritime consultancies have 
appeared. In this research, the proposed RIDSS mechanism eagerly provides the 
following valuable contributions to each party:  
(i) It principally motivates and encourages the relevant managers in establishing an 
advance (modern) management system. So far, the RIDSS has potential to be guide 
for managing the key responsibilities proceeded by shore-based organizations of a 
ship management company.     
(ii) It provides a decision aid to accomplish with the integration of the quality, safety, 
health, and environmental dimensions into a unique procedure of an IMS. At this 
insight, the RIDSS can be recognized as an interface between shipping company and 
its corresponding classification society.      
(iii) It can be utilized as an interface to ensure a good communication between the 
parties (i.e. shipping companies, classification societies, and maritime consultancies) 
who involve into the efforts regarding with the IMS adaptation and verification.   
(iv) The continuous efforts of responsible executives on establishing an advance 
management system have resulted in enhancement of the managerial skills and 
competencies in professional shipping firms. 
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6.4 Further Research Proposals   
Consequently, the outcomes set out in this research initially contribute to regulatory 
compliance and to the solution of managerial decision-making problems in shipping 
business. So far, this research encourages the maritime executives as well as the 
researchers/practitioners in the maritime field. Indeed, additional investigations 
might extensively be conducted regarding with a few point of the completed 
research. 
It is one of the practical benefits from RIDSS to transform industrial knowledge into 
the practical information needed to design an IMS. With this in mind, the 
contributions of fuzzy set theory and axiomatic design principles appear especially 
useful in the management of the high level of incomplete information and vagueness 
in the system design process. In spite of providing reliable reference points in IMS 
design, a sensitivity analysis for the proposed compliance assessment methodology 
can be considered within further research proposals. 
For instance, the RIDSS approach can be modified in order to ensure a thematic 
relevance to tanker shipping industry. Specifically, compliance measurement along 
with the ISM Code, voluntary standards, and the existing procedure of tanker 
management and self-assessment (TMSA) can be explored. Particularly, the RIDSS 
can be applied to redesign the existing ISM Code respectively enhanced with the 
quality, environmental, occupational health and safety extensions for different 
shipping fleets.  
On the other hand, referring the gathered process-model sets via FAD-MSI, the 
decision-making and analytical modelling studies on the other managerial processes 
can be appreciated. Since the model selection is one of the mostly encountered topics 
in decision science literature, further applications of the developed FAD - MSI 
algorithms on different problem cases are beneficial to enhance its structure. 
The flexible structure of the RIDSS allows relevant executives to modify it in 
accordance with the organizational priorities. Consequently, the RIDSS enables an 
effective decision-making on managerial processes even considering the various 
risks of maritime transportation while it provides an effective decision aid to 
redesigning of process execution procedures through IMS requirements.  
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APPENDICES 
APPENDIX A: Prototype application of RIDSS 
 
 
    Figure A.1 : Completion the prototype application of RIDSS in TURKON  
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                   APPENDIX B: ISO Standard Requirements  
 
Table B.1 : ISO 9001:2000 Requirements. 
 
ISO 9001:2000 Clauses 
1st Level  2nd Level 
4.1 General Requirements   
4.2 Documentation Requirements 4.2.1 General 
4.2.2 Quality manual 
4.2.3 Control of documents 
4.2.4 Control of records  
5.1 Management Commitment  
5.2  Customer Focus  
5.3  Quality Policy  
5.4  Planning 5.4.1 Quality objectives  
5.4.2 Quality management system planning 
5.5 Responsibility, Authority & Communication 5.5.1 Responsibility and authority  
5.5.2 Management representative  
5.5.3 Internal communication  
5.6 Management Review 5.6.1 General 
5.6.2 Review input 
5.6.3 Review output  
6.1 Provision of Resources  
6.2 Human Resources 6.2.1 General  
6.2.2 Competence, awareness and training  
6.3 Infrastructure  
6.4 Work Environment  
7.1 Planning of Product Realisation  
7.2 Customer Related Processes 7.2.1 Determination of product requirements  
7.2.2 Review of product requirements 
7.2.3 Customer communication  
7.3 Design & Development 7.3.1 Design and development planning  
7.3.2 Design and development inputs 
7.3.3 Design and development outputs 
7.3.4 Design and development review 
7.3.5 Design and development verification 
7.3.6 Design and development validation 
7.3.7 Control of design and development changes  
7.4 Purchasing 7.4.1 Purchasing process  
7.4.2 Purchasing information  
7.4.3 Verification of purchased product  
7.5 Production and service provision  7.5.1 Control of production & service provision 
7.5.2 Validation of processes for production and 
service provision 
7.5.3 Identification & Traceability 
7.5.4 Customer Property 
7.5.5 Preservation of Product 
7.6 Control of monitoring & measuring devices  
8.1 Measurement Analysis & Improvement  
8.2 Monitoring and measurement  8.2.1 Customer Satisfaction 
8.2.2 Internal Audit 
8.2.3 Monitoring & Measurement of Processes 
8.2.4 Monitoring & Measurement of Product 
8.3 Control of Nonconforming product  
8.4 Analysis of Data  
8.5 Improvement  8.5.1 Continual Improvement 
8.5.2 Corrective Action 
8.5.3 Preventive Action 
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Table B.2 : ISO 14001:2004 Requirements. 
 
ISO 14001:2004 Clauses 
1st Level  2nd Level  
4.1 General Requirements  - 
4.2 Environmental Policy  - 
4.3 Planning  4.3.1 Environmental Aspects  
4.3.2 Legal and Other Requirements  
4.3.3 Objectives, Targets, Programs  
4.4 Implementation and Operation  4.4.1 Resources, Roles, Responsibility and Authority  
4.4.2 Competence, Training, Awareness  
4.4.3 Communication  
4.4.4 Documentation  
4.4.5 Control of Document  
4.4.6 Operational Control  
4.4.7 Emergency Preparedness and Response  
4.5 Checking and Corrective Action  4.5.1 Monitoring and Measurement  
4.5.2 Evaluation of Compliance  
4.5.3 Nonconformity, Corrective and Preventive Action  
4.5.4 Control of Records  
4.5.5 Internal Audit  
4.6 Management Review - 
 
 
Table B.3 : OHSAS 18001:2007 Requirements. 
 
OHSAS 18001:2007 Clauses 
1st Level  2nd Level  
4.1 General Requirements  - 
4.2 OH&S policy - 
4.3 Planning  4.3.1 Hazard identification, risk assessment and determining controls 
4.3.2 Legal and other requirements  
4.3.3 Objectives and programs  
4.4 Implementation and Operation  4.4.1 Structure and responsibility 
4.4.2 Competence, training and awareness  
4.4.3 Communication, participation and consultation 
4.4.3 Consultation and communication 
4.4.4 Documentation  
4.4.5 Control of documents  
4.4.6 Operational control  
4.4.7 Emergency preparedness and response  
4.5 Checking  4.5.1 Performance measurement and monitoring  
4.5.2 Evaluation of compliance 
4.5.3 Incident investigation, nonconformity, corrective action and 
preventive action 
4.5.4 Control of records  
4.5.5 Internal audit  
4.6 Management Review - 
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